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PREFACE. 


The  literature  of  metalliferous  deposits,  in  tbe  English 
language,  is  by  no  means  inconsiderable.  Numerous  valuable 
diajuisitiuns  have  at  different  times  been  published  either  aa^ 
separate  works  or  as  communications  to  scientific  journals,  but  the 
only  general  and  systematic  treatise  on  the  subject  which  has 
appeared  in  English  is  a  translation  of  Yon  Cotta's  Lehre  van  den 
Ertlogcntdtten,  by  Mr,  Frederick  Prime,  published  at  New  York 
in  1870. 

Since  that  date  much  valuable  information  upon  this  subject 
has  been  accumulated,  and  the  investigations  of  Daubr^e,  Daintree, 
Saudberger,  and  others  have  within  the  last  few  years  thrown 
much  additional  light  upon  the  genesis  of  metalliferous  deposits. 

The  present  work,  which  includes  the  results  of  the  most 
important  recent  investigations,  is  divided  into  two  parts.  In  the 
first,  ore  deposits  in  general  are  described  and  classified,  while,  in 
the  second,  examples  are  given  from  the  principal  mining  regions 
of  the  old  and  the  new  woilcl.  In  this  portion  of  the  work 
many  remarkable  metalliferous  deposits  of  both  ancient  and  recent 
formation  are  described,  while,  as  a  means  of  forming  a  standard 
of  their  comparative  importance,  copious  statistics  of  production 
are  furnished.  Wherever  exact  information  on  this  subject  has 
been  available,  tabulated  statistics  of  the  yield  of  the  principal 
ore-producing  countries  have  been  supplied.  This  appears  to  be 
the  only  waj'^  of  accurately  expressing  the  relative  importance  of 
different  metalliferous  regions,  and  care  has  been  taken  to  collect 
information  from  trustworthy  sources  only. 


viii  PREFACE. 

During  the  preparation  of  a  portion  of  the  work  I  have 
had  the  assistance  of  Mr.  B.  H.  Brough,  Associate  of  the 
Royal  School  of  Mines,  and  formerly  student  at  the  Mining 
School  of  Clausthal.  For  a  period  extending  over  several  months, 
Mr.  Brough  was  occupied  in  collecting  statistical  and  other 
information  from  various  foreign  sources,  and  I  am  further 
indebted  to  him  for  numerous  useful  suggestions  with  regard 
to  the  arrangement  of  the  matter,  and  for  the  careful  attention 
which  he  has  bestowed  upon  the  work  while  passing  through 
the  press. 

The  greatest  care  has  been  taken  to  insure  accuracy 
throughout  the  work,  and  the  author  hopes  that  but  few 
mistakes  will  be  found  in  it ;  although,  in  collecting  such  a  large 
number  of  facts  from  so  many  different  sources  he  cannot 
expect  to  have  entirely  escaped  falling  into  error. 

The  Illustrations  are  from  the  pencil  of  Mr.  Frank  Rutley. 


Kensington,  July,  1884. 
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PART  I. 

ORE    DEPOSITS    IN    GENERAL. 


Metals  which  occur  in  a  state  of  approximate  purity  are 
ud  to  be  native,  and  when  two  or  more  such  metals  ai-e 
found  in  combination  the  mixture  is  called  a  native  alloy. 
Usually  the  metals  sought  after  by  the  miner  are,  however, 
"liot  found  in  the  native  state,  but  are  mineralized  by  uniting 
with  various  non-metallic  bodies.  In  this  way  they  combine 
with  sulphur  or  chlorine,  giving  rise,  respectively,  to  metallic 
sulphides  or  chlorides ;  with  oxygen  the  metals  form  oxides, 
and  with  acids  they  yield  salts,  such  as  carbonates,  sulphates 
kud  phosphates. 

All  natural  combinations  of  a  metal  with  such  mineralizing 
substances  are  called  ore^  when  the  proportion  of  metal  which  they 
contain,  after  suitable  mechanical  preparation,  is  sufficiently  large 
to  admit  of  their  being  advantageously  treated  by  the  metallurgist. 
Although  perhaps  not  strictly  correct,  any  material  obtained  by 
mining  that  contains  a  workable  proportion  of  a  metal  is  often 
called  an  ore,  even  if  tlie  whole  of  the  metal  be  present  in  the 
native  state. 

Ores  of  the  different  metals  are  sometimes  foiind  in  surface 
deposits,  disseminated  through  igneous  and  sedimentary  rocksj  in 
more  or  less  regularly  stratified  or  bedded  formations,  in  detached 
masses,  and,  above  all,  in  veins  of  various  descriptions.     The  Tttow- 
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netalliferoua  minerals  forming  port  of  the  latter  are  known  as  the 
natriv,  gangue,  or  tiinitont>.  UetaUiterous  minerals  are  found  in 
rocks  of  every  geological  age :  but  they  occur  meet  frequently 
in  mountainous  tliatricts.  and  in  the  older  rocks,  especially 
near  the  junction  of  igneous  rocks  with  those  of  sedimentary 
rtrigin.  They  are  also  frequently  met  with  in  strata  which  have 
Fiither  been  penetrate*!  by  eruptive  dykes,  or  have  been  sub- 
jected to  extensive  metamorphic  alteration.  The  ores  of  each 
of  the  different  metals  are,  however,  often  restricted  within 
certain  geological  horizons,  beyond  which  they  seldom  occur  in 
remunerative  quantities. 

Gold,  platinum,  and  tin  ore  are  found  in  alluvial  detritus, 
in  which  they  evidently  were  not  formed  by  chemical  action, 
but  result  from  the  disintegration  of  older  deposits  whose  con- 
stituents have  been  removed  and  re-arranged  by  the  mechanical 
agency  of  water. 

The  fragments  constituting  these  superficial  deposits  are  usually 
much  water-worn,  and  the  associated  metals  or  metalliferous 
particles  are  mainly  concentrate*!  in  particular  areas,  over  which 
water  has  flowed  with  great  activity.  Metalliferous  deposits  of 
this  kind  are  usually  of  comparatively  recent  date,  and  are 
generally  not  older  than  the  Tertiary  period.*  Localities 
in  which  alluvial  detritus  is  washed  for  gold  are  known  as 
placers,  but  when  tinstone  is  the  ore  sought  after  they  are  called 
atreamvoorks. 

The  ores  of  iron  and  manganese  are  almost  the  only  metalliferous 
minerals  usually  occurring  in  stratified  beds,  those  of  nearly  all  the 
other  metals  being  obtained  from  some  other  variety  of  mineral 

deposit. 

Although  aluminium  and  magnesium  are  now  regularly  pro- 
duced upon  a  small  scale,  they  can  scarcely  be  classed  among 
metals  derived  from  metalliferous  ores,  in  the  sense  in  which  that 
term  is  usually  understood.  The  same  may  be  said  of  sodium, 
which  is  chiefly  employed  in  the  preparation  of  the  two  above- 
mentioned  metals. 

Metalliferous  deposits  are  found  in  such  varying  forms,  and 
under  such  diflfering  circumstances,  that  it  might  at  first  appear 
difficult  to  classify  them  in  aocordance  with  their  characteristic 
peculiarities  and  modes  "^  '«e.    A  careful  study  of  their 
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origin,  structure,  and  composition  appears,  however,  to  justify  their 
division  into  the  following  groups : — 


I.  Sdpebficial. 


II.  Stratified. 


Ill     UnsTRATU  tKD 


«.  Deposits  formed  by  the  mechanical 
action  of  water. 

h.  Deposits  resulting  from  chemical 
action. 

I  a.  Deposits  constituting  the  bulk  of 
metalliferous  beds  formed  by  pre- 
cipitation from  aqueous  solutions. 

b.  Beds  originally  deposited  from  solu- 
tion, but  subsequently  altered  by 
metamorphism. 

e.  Ores  disseminated  through  sedimen- 
tary beds,  in  which  they  have  been 
chemically  deposited. 
/  a.  True  veins. 

b.  Segregated  veins. 

c.  Gash  veins. 

j  d.  Impregnations. 
«•.  Stockworks. 
/.  Fahlbands. 
(/.  Contact  deposits. 
A.  Chambers  or  pockets. 


Superficial  Deposits. 

a.  Deposits  formed  by  the  Mechanical  Action  of  Water. 
— The  most  important  superficial  deposits  of  this  class  are  those 
worked  for  gold  and  oxide  of  tin.  These  often  con.sist  of  accumula- 
tions of  sand  and  gravel  fonned  on  the'  banks  of  streams,  by  the 
action  of  whose  waters  the  aggregation  of  metalliferous  debris  has 
boen  effected. 

In  other  cases,  superficial  metalliferous  deposits  represent  the 
beds  of  ancient  rivers,  and  are  frequently  of  great  thickness  and 
of  large  extent. 

Surface  deposits  of  iron  ore  sometimes  belong  to  this  class, 
but  have  more  frequently  been  deposited  in  situ  by  chemical 
action. 

Placers. — In  the  case  of  auriferous  quartz,  and  of  the  ores 
of  metals  distributed  through  a  valueless  matrix,  it  is  neces- 
sar}',  before    the    metalliferous    portions   can    be   separated,  that 
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the  veinstone  should  he  more  or  less  finely  crushed  by  suitahle 
machinery.  The  pulverized  material  is  afterwards  suhjected  to 
the  action  of  water,  so  set  in  motion  as  to  allow  the  heavier  particles, 
by  obeying  the  laws  of  gravitation,  to  fall  to  the  bottom,  while  the 
non-metalliferous  matrix  is  carried  off  in  suspension.  All  anii- 
ferous  sands  and  gravels  have,  on  the  contrary,  been  already 
pulverized  and  concentrated  by  a  natural  process  of  a  similar  kind, 
and  it  consequently  only  remains  for  t^e  miner  to  separate  the 
valuable  from  the  valueless  material  either  by  re-washing  alone, 
or  by  re-washing  assisted  by  the  use  of  mercury. 

The  most  remarkable  and  extensive  accumulations  of  auriferous 
gravels  are  probably  those  of  California,  where  they  are  firequently 
of  very  considerable  thickness,  and  extend  over  areas  of  many 
square  miles  on  the  Pacific  slope  of  the  Sierra  Nevada^  These,  which 
are  sometimes  known  as  blue  gravels,  were  formerly  believed  to  be 
of  marine  origin,  but  are  now  recognised  as  materials  brought 
down  by  the  agency  of  currents  of  fresh  water  from  the  moun- 
tains high  above  them  and  deposited,  either  in  the  beds  of  ancient 
rivers,  or  in  lake-like  expansions  of  such  streams.  This  deposition 
of  auriferous  detritus  generally  took  place  during  the  latter  purtaon 
of  the  Pliocene  epoch,  as  is  proved  by  the  remains  of  JMiimajia 
and  plants  which  it  encloses,  although  some  of  these  would  appear 
to  exhibit  certain  Miocene  relationships.  This  deposit  of  detritus 
was  succeeded,  throughout  the  whole  extent  of  the  Sierra,  by  an 
outbreak  of  volcanic  activity,  during  which  the  auriferous  drifts 
were,  to  a  large  extent,  covered  by  deep  accumulations  of  ash, 
pumice,  and  lapilli,  which  were  finally  overwhelmed  by  a  general 
outpouring  of  lava.  This  capping  of  an  almost  indestmetible 
uiH.U:n'A\,  sometimes  above  a  hundred  feet  in  thickness,  ha^  thus 
proU:f:i*:tl  f:xU:iaive  areas  of  gravel  which  would  otherwise  have 
l^'.-'ifi  .twcpt  away, 

Tiif:  m'M  irriff^rtant  chemical  change  which  has  taken  place  in 
V,'<;'V;  vfci^vf-h  <(«{ W^|U(:nt  Uf  their  deposition,  is  silicification.  whidi 
i*rrv/,'.', 's  '■-•■'vhrA  on  «;xamining  the  various  oi^ni.<ms  vhicfa  are 
?■■/.'. -J  Jrf.'.V'I''J"J  ifi  »h':rri,  Tlift  quantity  of  wood  buried  in  these 
•}•••,'. -^.f  rhf**v-^  h  vf.ty  Iat'^':,  and  by  far  the  greater  proportioik  of 
-  -A  •,•..*»  s^,  Prtui  Kh'f.  U:t:ft  'VfUvtzTUA  iDto  opaL  These  tree  tmnks 
».vv. •''.'.•:'••»  V*^  « ■.,  J«  •,<<•  '4  IfjKvin^  !/<5«;ii  worn  by  the  action  of  the 
*•.•.♦»«•*.•*■<  «»/..•'(  W*.  *o«  m  aJ//f.;(  v»^'!i|»«:r  with  the  stonr  detritos 
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in  which  they  finally  became  enclosed.  In  some  cases,  fragmenia 
of  wood  are  met  with  which  liad  been  more  or  less  completely 
converted  into  lignite  previous  to  silicification.  This  partial  con- 
version into  lignite  may  often  be  observed  in  specimens  in  other 
parts  of  which  direct  silicification  has  taken  place  ;  so  that  Uie  two 
ends  of  the  same  fragment  may  resemble,  respectively,  jet  and  opal. 
The  transition  from  silicified  wood  to  silicified  lignite  is,  however, 
very  gradual,  although  both  often  retain  their  original  woody 
structure. 

The  following  analyses  of  specimens  of  silicified  wood  and 
silicified  lignite,  made  in  duphcate  by  the  author,  will  serve  to  show 
the  di^erence  in  their  respective  compositions  : — 


BUIciflad  Wood. 

BiJicined 

UgnltB. 

6p.  gT.  a=  aw. 

8p.gr. 

=  1  9S. 

1. 

11. 

1. 

11. 

Water       .        . 

5-77 

6 '80 

4-41 

4  46 

Silica    .   . 

92-43 

»2-26 

6004 

79-82 

Alnmiua   .    . 

trace. 

tncc>. 

trace. 

trace. 

Femnu  oxidt- 

•00 

•88 

•92 

•87 

Lime.   . 

•12 

•18 

•16 

•16 

Potuli  . 

•41 

•87 

•87 

30 

8«U 

•20 

•18 

•20 

•22 

Carbon«ceou*  nutter,  Lc.  .    .    . 



'^ 

14  06 

13  92 

W-83 

99-67 

lOO'ie 

99-75 

Both  specimens  were  obtained  from  the  trunk  of  the  same 
tree  found  in  the  auriferous  drift  under  a  volcanic  capping,  near 
Nevada  city. 

These  results  show  that  although  all  traces  of  organic  matter 
h»ve  disappeared  from  the  silicified  wood,  the  silicified  lignite 
still  retains  I*  per  cent,  of  woody  material.  The  gravels  of 
which  auriferous  deposits  are  composed  have  in  many  instances 
become  firmly  consolidated  by  a  siliceous  cement,  and  cases  in 
which  large  transparent  crystals  of  quartz  have  formed  in  the 
cavities  between  contiguous  pebbles,  are  by  no  means  unknown. 

In  addition  to  bones  and  teeth  of  the  mastodon  and  of  other 
extinct  mammals,  human  remains,  together  with  various  rude 
works  of  art,  are  stated,  on  tnistworlhy  authority,  to  have  been 
discovered  in  these  gravels.  The  remains  thus  found  are  supposed 
to  include  the  celebrated  Calaveras  skull,  which  is  stated  to  have 
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been  taken  from  the  auriferous  gravel  at  a  depth  of  abovft  120  feet 
from  the  surface,  and  beneath  a  capping  of  dense  black  lava. 

Among  the  works  of  art  may  be  mentioned  several  curious 
stone  implements  found  in  the  gravels  under  Table  MountAin 
in  Tuolumne  county,  covered  by  150  feet  of  lava.  These 
include  stone  spear-heads,  many  inches  in  length,  mortars  cut 
out  of  granite,  and  various  stone  scoops  and  ladles  with  well- 
shaped  handles.  The  evidence  on  this  subject  appears  to  be  now 
fairly  established,  and  would  load  to  the  conclusion  that  roan 
must  have  existed  in  California  in  Pliocene  times,  and  that  he  wa« 
contemporaneous  with  the  mastodon  and  other  extinct  animals. 

The   classification   with    "  superficial   deposits "   of  auriferous 
gravels  which   art*   not  uufrequently  covered  by  a  flow    of   lava, 
might  at  first  sight  api^ar  a  misnomer;  but  a  volcanic  capping 
is  by  no  means  universal,   and  the  uncovered  beds   of  this  age 
are  of  the  greatest  im]>ortiuicG  to  the  miner.     They  yield  a  very 
large  proportion    of   the    gold    annually   obtained    in    California, 
and   are    usually    worked   by   the  process   known  as  hydraulic 
mining.      This    consists    in     attacking   the    bank    of   auriferou.s 
material  with  one  or   more  jets   of   water  issuing  from  nozzles, 
sometimes   si.\    inches   in   diameter,  which   are   connected    by  a 
column  of  wrought-iron  pipes  with  a  reservoir  from  200  to  40n 
feut  above  the  level  of  the  discharge.     In  this  way  an  enormous 
mechanical    force    is  obtained,  and    the  bank,   unless  much  con- 
solidated   by  cement,  is    rapidly  undermined  and    broken  down. 
The    water,    with    the    disintegrated    sand   and   gravel    resulting 
from   this    operation,    is   conducted    through    large   sluices   pro- 
vided   with  grooves  or   "riffles,"    into   whkh  mercury   is   intro- 
duced for  the   purpose   of  retaining   the   gold.     This  method  of 
mining  cannot,   however,   be  applied    except  in  localities  wbert- 
there  is  a  proper  fall  for  the  sluice,  and  at  the   same   time   u 
sufHcient   depth   below   its  outlet  for   the   accumulation   of   tin 
resulting  rubbish  or  tailings.     Every  river  flowing  through   tliu 
auriferous  belt  of  the  Sierra  Nevada  has  acted  as  a  natund  sluici.-, 
the   inequalities  and  the  upturned  slates  of  its  bi^d  taking  the 
place  of  riffles  for  the  retention  of  gold,  derived  not  only  from  the 
immediate  disintegration  of  auriferous  outcrops,  but  also  from  the- 
re-washing of  older  gravels.     There  will  therefore  be  no  difficulty 
in  understanding  the  nature   of  the  process   by  which   a    largt- 
amount  of  the  precious  metal  V"*  *>^come  concentrated  within  a 
comparat*"  »otly.  that  during  the  first 
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of  the  miners  were  occupied  on  "  river  diggings."  These  naturally 
enriched  accumulations  having  eventually  become  exhausted,  it 
became  necessary  to  attack  the  original  more  abundant,  but  poorer, 
^vels  lying  at  greater  elevations  above  the  valleys ;  and  in  order 
to  do  this  with  advantage,  a  cheaper  method  of  working  than  had 
hitherto  been  employed  was  required.  This  was  supplied  by  the 
hydraulic  system  of  mining,  first  introduced  iu  1852,  and  at  the 
present  time  a  considerable  portion  of  the  gold  contributed  by 
California  is  obtained  from  Pliocene  gravels. 

It  is  remarkable  that  the  auriferous  gravels  of  Victoria  are  of 
approximately  the  same  geological  age  as  those  of  California  ; 
they,  however,  more  frequently  than  in  the  latter  country  represent 
the  beds  of  ancient  rivers  once  flowing  through  valleys  which 
have  subsequently  been  filled  by  the  outpouring  of  volcanic  matter. 
Victoria  does  not  generally  possess  facilities  for  the  employment  of 
the  hydraulic  process,  and  the  principal  part  of  the  placer  gold 
found  in  that  country  is  consequently  obtained  by  mining  beneath 
a  capping  of  compact  lava. 

In  consequence  of  the  absence  of  marine  Tertiary  deposits  in 
New  South  Wales,  and  the  occurrence  of  a  more  complete  series  of 
strata  in  the  Carbiiniferous  formation,  it  is  difficult  to  correlate 
precisely  the  gold  deposits  of  that  country  with  those  of  Victoria. 
It  is,  however,  generally  admitted  that  they  occur  in  Tertiary 
strata,  and  are  often  of  Pliocene  age,  although  certain  gravels 
which  may  be  possibly  Miocene  are  also  sometimes  auriferous. 

A^iong  surface  deposits  resulting  from  the  mechanical  action 
«»f  water  are  those  streaks  of  titaniferous  iron  sand,  often  found  on 
sea  beaches  along  coasts  largely  composed  of  certain  igneous  rocks. 
The  disintegration  of  such  rocks  liberates  crystals  of  magnetite 
and  of  titaniferous  iron  ore,  and  these  minerals  being  heavier  than 
the  felspar,  quartz,  &c.,  with  which  they  are  associated,  become 
concentrated  by  the  action  of  the  waves.  Large  accumulations  of 
black  sands  occur  along  the  shores  of  the  Bay  of  Naples,  at 
Taranaki  in  New  Zealand,  between  Point  Mendocino  in  California 
and  the  mouth  of  the  UmjKjua  River  in  Oregon,  and  particularly 
in  Canada  on  the  north  shore  of  the  St.  Lawrence,  from  the  Moisc 
River  eastward.  The  ferruginous  sands  are  here  derived  from  the 
waste  of  the  norite  or  labradorite  rocks  of  the  Upper  Laurentian 
series,  which  are  largely  made  up  of  labradorite  and  hyper- 
Bthene,  with  magnetic  and  titaniferous  iron  ore,  &c.  At  Mingan, 
Natasquan,  and  at  several  other  points  along  the  Labrador  coast, 
iron  sands  occur  under  generally  ."similar  condition?.  The  prodiicticn 
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of  cast-iron  from  tliese  sands  is  rendered  difficult  by  their 
extremely  fine  state  of  division,  but  tbey  have  sometimes  been 
advantageously  employed  for  tl«e  <lirect  production  of  blooms  in  thi 
open  fire.  The  black  sands  on  the  coast  of  California  are  not 
unfrequontly  auriferous,  and  ore  sometimes  washed  for  the  gold 
which  they  afford. 

Nearly  the  whole  of  the  gold  produced  in  the  Russian  empl 
is  obtained  from  phvcer  wasliings,  vein-mining  being  exclusivel; 
confined  to  the  Ural  Mountains,  and  is  even  there  carried  on 
upon  n  very  limited  scale.  The  gold-bearing  alluvium  of  the  Ural 
is  sonxt'timc'S  a  heavy  clay,  while  in  other  cases  it  is  made  up  of 
water-worn  fragments  of  auriferous  quartz,  chloritic  and  talcosc 
schists,  scr^wntine,  greenstone,  &c. 

Remains  of  various  extinct  animals  occur  deep  down  in  these 
gravels,  usually  in  the  vicinity  of  the  bed-rock.  They  include  bones 
of  Elephas  pnviigenius,  Boa  aurochs,  and  Bhinw^ros  ticltorhinus, 
which  are  likewise  found  in  the  gravels  of  western  Europe.  Some 
of  the  auriferous  gravels  of  the  Ural  repose  upon  a  water-worn 
bed-rock  of  hanl  highly-inclined  crystalline  limestone,  believed  to 
be  of  Silurian  age ;  in  other  cases  they  lie  on  a  talc  schist,  or  on 
a  soft  granitic  rock  containing  pyrites  and  but  little  mica  usually 
known  as  hcrtsitt.  The  two  last-named  rocks  are  traversed  by. 
veins  of  auriferoiis  quartz. 

Platinum  generally  occurs  with  gold  in  auriferous  gravels, 
and  is  seldom  foimd  without  that  metal  except  at  Tagilsk  and 
Ooroblagodatsk,  in  the  Ural,  where  there  is  little  or  no  gold. 
Platinum  is  obtained  from  pLicer  diggings  only,  and  has  not 
been  found  to  any  considerable  extent  in  situ,  although  grains  of 
this  metal  are  said  to  have  been  observed  in  the  quartz  of  the 
mines  of  Bt-resovsk.  lu  the  districts  in  which  platinum  occurs 
unaccompanie<l  by  gold,  the  rocks  in  the  neighbourhood  of  the 
dop<»aits  consist  of  serpentine  and  peridotite,  while  fragments  of 
these  rocks  predominate  in  the  sands  and  gravels.  Chloritic  an' 
taloose  schists,  together  with  chrome  iron  ore,  are  to  some  exten 
present.  From  the  constant  occurrence  of  this  metal  in  a&sociatio 
with  gravels  mainly  consisting  of  peridotite  and  serpentine,  it 
ifl  thought  that  platinum  originally  existed  in  the  form  of  grains 
disseminated  through  these  rocks.  In  addition  to  gold  and  chrome 
iron  ore,  platinum  is  often  associated  with  iridium  and  iridosminc. 

StrtamworlcA. — The  detrit&l  tin  ore  of  Cornwall  may  be 
proupeti  under  the  following  heads  : — 

(I.  Tin  ore    forming  a  constituent  of    river  gravels  and 
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beaches  actually  in  progress  of  formation.     The  tin  ore  of  such 
formations  usually  occiu's  in  angular  or  sub-angular  particles. 

b.  That  found  in  ancient  stanniferous  valley-gravels.  These 
occur  at  all  elevations  up  to  about  700  feet,  but  are  invariably  in 
the  immediate  neighbourhood  of  considerably  higher  ground. 
Dej>osit3  belonging  to  this  class  were  formerly  very  extensively 
worked,  and  have,  in  the  aggregate,  yielded  large  quantities  of  tin 
ore. 

e.  Pebbles  and  grains  found  in  the  "head  "  or  angular  ddbris 
constituting  the  overbiu-den  of  the  china-clay  districts.  This 
differs  from  the  older  quartz  gravels  of  some  parts  of  western 
Cornwall  in  being  both  coarser  and  more  angular.  Tin  ore  is  also 
found  disseminated  through  the  soil  in  the  vicinity  of  tin  veins. 

d.  The  pebbles  and  grains  of  tin  ore  found  in  tho  most  ancient 
high-lying  quartz  gravels,  such  as  those  of  St.  Agnes  Beacon. 

Tin  streaming,  although  upon  a  very  restricted  scale,  is  still 
carried  on  in  Cornwall  on  some  inconsiderable  stanniferous 
deposits;  but  the  deeper  and  more  extensive  valley-gravels,  which 
were  formerly  so  productive,  may  now  be  regarded  as  practically 
exhausted. 

The  sections  laid  open  by  the  deeper  Streamworks  were  by  no 
means  of  uniform  interest,  but  those  exposed  in  Par  Valley,  at 
Pentewau,  and  near  the  estuary  of  the  Fal  may  be  regarded  as 
among  the  most  important  and  instructive. 

The  Happy  Union  Streamwork,  which  has  now  been  closed  for 
more  than  forty  years,  was  situated  near  the  ddbvuchcment  of  the  St. 
Austell  valley  at  the  port  of  Pentewan.  Through  this  valley  flows 
a  stream  of  moderate  dimeusions  resulting  from  the  union  of 
various  rivulets  which  take  their  rise  on  the  southern  slope  of  the 
granitic  hills  of  Hensbarrow.  These  unite  their  waters  a  short 
istance  above  the  town  of  St.  Austell,  and  two  miles  further  down 
e  valley  receive,  through  a  westerly  depression,  those  collected  on 
the  high  grounds  in  the  vicinity  of  the  ancient  tin  miue  of 
Polgootli. 

The  fall  of  this  vuUey,  in  the  four  miles  which  intervene  between 
the  bridge  at  St,  Aust«ll  and  the  port  of  Pentewan  is  115  feet, 
while  its  width  varies  from  100  to  200  yards. 

The  junction  of  granite  wth  clay  slate  takes  place  a  short 
distance  above  St.  Austell,  and  consequently  the  bed-rock  of  tho 
valley,  throughout  the  last  four  miles  of  its  course, consists  entirely 
of  slate. 

According  to  Mr.  J.  W.  Colenso,  the  Happy  Union  Streamwork, 
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which  niuy  be  taken  as  a  typical  example  of  defjosits  of  this  da&4, 
exhibited  the  following  section  : — ' 

1.  River  sand,  silt,  &c.,  20  feet. 

2.  Sea  sand,  20  feet. 

3.  Silt,  2  feet. 

4.  Sea  sand,  4  inche.«. 

5.  Silt,  10  feet 

6.  Leaves,  nuts,  acorns,'  &c.,  graduating  into  6  to  12  inches 

of  silt,  and  12  inches  of  decomposed  vegetable  matter. 

7.  Tin  ground,  3  to  10  feet. 

8.  Bed-rock  of  clay  slate. 

These  various  deposits   were  made  up  of  the  following   con- 
stituents : — 

1. — A  bed  of  rough  river  sand  and  gravel  mixed  with  sea  sand 
and  silt.  At  the  bottom  of  this,  and  extending  into  the  bed 
immediately  beneath  it,  was  found  a  row  of  wooden  piles  six  feet 
in  length,  sharpened  at  one  end  for  the  convenience  of  driving. 
These,  which  had  apparently  formed  part  of  a  foot-bridge,  crossed 
the  valley  nearly  at  right  angles ;  their  tops  being  about  level  with 
the  present  low-water  mark  at  spring  tides. 

2. — A  stratum  of  sea  sand,  also  about  20  feet  in  tliicknest:, 
resting  upon  silt.  Throughout  this  sand  were  scattered  large 
timber  trees,  principally  oak,  strewn  in  all  directions,  together  with 
bones  of  the  Irish  elk,  Mnjaccros  hihernictut,  and  of  an  ox,  Bos 
2ynmigenius,  both  belonging  to  extinct  species.  The  bones  of  a 
large  whale  and  two  human  crania  were  likewise  discovered  iu 
this  sand. 

3. — Beneath  the  sea  sand  were  2  feet  of  silt  enclosing  a  few 
stones,  and,  occasionally,  bones  with  fragments  of  wood. 

4. — A  stratum  of  sea  sand  only,  4  inches  in  thickness,  dis- 
tinguishable from  river  sand  by  being  finer  and  by  containing 
fragments  of  marine  shells. 

5. — Beneath  this  was  a  layer  of  silt  or  "  sludge  "  10  feet  in 
thickness,  varying  but  little  in  texture,  although  its  colour  was  in 
some  places  darker  than  in  others.  In  this  were  numerous 
marine  shells  particularly  those  of  Cardium.  edule,  together  with 
bones  and  horns  of  the  deer  and  ox.  The  bivalve  shells  frequently 
occurred  in  regular  layers,  and  when  found  were  closed  with  their 
articub^*'"""  'lowuwards,  thus  justifying  the  opinion  that  the  animals 

tol.  Soc.  Cornwall,  vol.  iv.  1832,  p.  29. 

Coleuso  do«"  nnt  mention  acorns  in  his  memoir,  tliev  were  often 
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had  lived  and  died  where  their  shells  were  discovered.     In  this  silt 
was  a  piece  of  wood  evidently  fashioned  by  human  agency,  which 
I  had  probably  floated  in  the  sea,  since  the  shell  of  a  barnacle  was 
l-attached  to  one  end. 

6. — A  layer  of  leaves,  hazel  nuts,  acorns,  sticks  and  moss, 
Tarying  from  6  to  1 2  inches  in  thickness.  The  moss,  wliich  was 
in  a  very  perfect  state  of  preservation,  extended  across  the  valley, 
and  had  the  appearance  of  having  grown  where  it  was  found,  at 
a  depth  of  about  fifty  feet  below  the  present  level  of  the  sea 
at  high  water.  Beneath  this  was  a  stratum  of  dark  silt  12  inches 
thick,  much  mixed  with  decomposed  vegetable  matter. 

7. — To  this  followed  the  tin  ground,  or  stratum  in  which  the 
whole  of  the  tin  ore  was  found.  This  lay  on  the  solid  mck,  varied 
in  thickness  from  3  to  10  feet,  and  usually  extended  completely 
across  the  valley.  The  stony  constituents  of  this  stratum  were 
rounded  fragments  of  the  granitic  and  schorlaceous  rocks  forming 
tlie  hills  north  of  St.  Austell,  but  fragments  of  both  "greenstone" 
and  clay  slate  were  occasionally  met  with. 

By  far  the  larger  portion  of  the  tin  ore  lay  at  the  bottom  of 
this  stratum;  but  it  was  also  sometimes  found  in  the  higher 
portions  of  the  bed,  where,  for  a  thickness  of  a  few  inches,  the 
ground  was  blackened  by  the  presence  of  tin  oxide.  The  frag- 
ments of  ore  varied  in  size  from  the  finest  sand  to  pebbles  of  ten 
pounds  in  weight,  while  boulders,  richly  impregnated  with  cassite- 
rite  and  weighinc^  above  two  hundred  pounds,  were  not  of  unfrequent 
Ltcciirrencc.  A  few  grains  and  small  nuggets  of  gold  were  picked 
up  from  among  the  tin  ore,  but  the  remains  of  no  vertebrate 
.mimals  were  ever  observed  in  this  horizon.  Stumps  and  rootn 
of  trees  which  !iad  evidently  grown  and  fallen  upon  the  same 
spot  were,  however,  not  uncommon,  while  immerliately  on  the  top 
of  the  tin  ground  an  oyster  bed  was  discovered  with  the 
shells  still  firmly  attached  to  the  larger  stones  and  to  stumps 
of  trees. 

8. — The  floor  or  bed-rock  upon  which  these  deposits  rested  is  a 
blue  "killas"  or  clay  slate  of  the  kind  composing  the  adjoining 
hills  and  neighbouring  sea-cliffs.  In  many  places  this  rock  showed 
indications  of  erosion,  while  in  others  no  evidence  of  any  kind 
of  abrasion  could  be  detected. 

Tlie  bottom  of  the  tiu  ground  at  Pentewan  was  about  sixty  feet 
below  the  present  level  of  high  water,  and  there  can  be  no  doub* 
that  tlte  stanniferous  gravels  were  deposited  prior  to  the  growth 
the  woofly  stratum  above  them.     Similar  phenomena  have  I 
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observed  in  the  Par  Valley,  at  Camon,  in  the  Fal  estuary,  and 
in  various  other  localities.  This  indicates  a  general  subsidence  of 
the  land,  and  the  existence  at  a  former  period  of  a  more  extended 
coast-line.  On  the  other  hand,  a  connection  has  been  traced  by 
Mr.  Carne  between  a  forest  bed  covering  tin  ground  in  the  Marazion 
Marali,  and  the  submerged  forest  in  Mount's  Bay ;  which  further 
points  to  a  general  correlation  between  the  forest  beds  over  the 
tin  ground,  and  the  well-known  submerged  forests  around  the 
aouth-westem  coast  of  Cornwall. 

At  Huel  Virgin,  a  mile  higher  up  the  valley  than  the  Happy 
Union  Streamwork,  the  overburden  contained  no  sea  sand,  but  was 
composed  of  silt  and  gravel  only ;  the  tin  ground  being  found  at 
a  depth  of  thirty-two  feet  below  the  surface.  Here,  resting  on 
the  tin-ground,  were  found  two  pieces  of  oak  artificially  pierced 
with  holes,  as  were  also  several  oak  stakes  sharpened  and  driven 
into  the  ground.  TliLs  Streamwork  was  workcMj  in  the  usual  way 
by  an  open  terraced  cutting,  while  the  water  flowed  through  a 
culvert  to  suitable  pumping  machinery. 

It  is  a  roinjirkable  fact,  that  whenever  this  excavation  wag 
allowed  t/>  remain  ojien  .sufficiently  long,  certain  plants  invariably 
made  their  appearance  along  given  horizons,  to  the  almost  total 
exclusion  of  all  other  sjiecies.  In  this  way  the  first  wann  weather 
after  the  ground  was  opened,  brought  with  it  from  a  band  of  bluish 
silt  about  10  feet  from  the  surface,  an  abundant  crop  of 
foxglove,  IHffUalis  jmrpnrea  ;  while  in  a  band  of  clay  about  15 
feet  above  the  tin  ground,  a  dark  rough-leavefl  willow,  not  common 
elsewhere  in  the  district,  grew  most  abundantly. 

The  cassiterite  of  Cornish  Streamworks  is  in  the  form  of  more 
or  less  rounded  massive  fragments,  as  water-worn  crystals,  and  a« 
wood-tin.  With  hut  few  exceptions  all  the  larger  fragments  bear 
evidence  of  attrition,  and  there  can  be  no  doubt  that,  as  .a  whole, 
the  tin  ore  has  been  brought  together  by  the  mechanical  action  of 
water. 

There  are,  however,  in  the  British  Museum,  as  well  as  in  the 
Museum  of  the  Royal  Geological  Society  of  Cornwall,  fragments  of 
antlers  containing  tin  oxide,  which  appears  to  be  pseudomorphous 
after  the  organic  tissues.  Many  of  these  fragments  are  stated  to 
have  been  found  in  the  Streamworks  of  the  Pentewan  and  Camon 
valleys.  Some  of  the  specimens  preserved  in  the  British  Museunj 
appear  to  contain  a  large  quantity  of  tin,  as  in  many  parts  the 
original  structure  seems  to  be  almost  entirely  reproduced  as 
cassiterite. 
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A  specimeu  from  the  Peuzauce  Museura,  analysed  by  Mr.  J.  IJ. 
(JoUins,  gave  tbe  following  results  : — 


Calcium  phosphate 80  04 

„        carbonate i'li 

„        fluoride -SU 

Iron  disulphide 1-66 

Ferric  oxide -62 

Stannic  oxide 2'60 

SUica -22 

Organic  matter  and  loss 12' 12 


10000 


A  microscopical  examination  of  this  antler  showed  that  the 
oxides  of  tin  and  iron,  as  well  as  tbe  pyrites,  had  penetrated  to 
the  interior  of  the  miiss,  and  were  visible  throughout  its  structure, 
although  tliey  are  .«oraewhat  more  abundant  on  the  outside  than 
towards  the  middle.* 

Although  the  Streamworks  of  Cornwall  have  long  been  practi- 
cally exhausted,  large  quantities  of  detrital  tin  ore  are  still  annually 
obtained  in  various  parts  of  Australia,  and  in  Malacca,  Banca, 
and  Billiton,  in  the  Indian  Archipelago. 

b.  Deposits  resui.tino  fiio.h  Chemical  Actiox. — The  most 
important  surface  deposits  belonging  to  this  class  are  those  of  bog 
and  lake  iron  ores.  These,  which  often  contain  oxide  of  manganese, 
although  generally  somewhat  impure,  are  essentially  hydrated 
peroxide  of  iron  (HeFe^Og),  conta^ining  when  pure,  H'42  per  cent, 
of  water.  Phosphoric  acid  is,  however,  frequently  present  in 
sufficient  quantity  to  affect  their  value  as  a  source  of  iron. 

Although  not  at  present  much  worked  in  Great  Britain,  these 
ores  probably  to  some  extent  supplied  the  earlier  forges  established 
in  the  Weald  of  Kent  and  Sussex,  which,  during  several  centuries, 
furnished  a  very  considerable  proportion  of  the  iron  manufactured 
io  England.  Tbe  ore  chiefly  employed  was,  however,  a  clay  iron- 
stone obtained  in  the  immediate  ueighbnurhood.  Bog  and  lake 
iron  ores  occur  plentifully  in  various  parts  of  Europe,  par- 
ticularly in  North  Germany,  Sweden,  Norway,  and  Finland, 
and  are  largely  employed  in  the  manufacture  of  iron.  Bog  iron 
ore  is  abundant  in  the  United  States  and  Canada,  and  in 
the  latter  country   it  is  somewhat  extensively   employed.      Tliis 

'  Minrmloj^ieal  MnffatiW;  vol.  iv.  1882,  p.  115. 
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mioeral  is  sometimes  hard  and  compact ;  while  at  others  it  is  friahle 
and  granular,  occasionally  enclosing  the  petrified  forms  of  vegetable 
organisms.  Concretionary  nodules,  as  well  as  oolitic  and  pisolitic 
forms  of  this  ore,  arc  of  frequent  occurrence.  In  all  cases  it  is  the 
result  of  the  alteration  of  other  mineral  substances  containing  iron 
when  acted  upon  by  air,  moisture,  or  acids,  and  is,  to  a  large  extent, 
due  to  the  oxidation  of  pyrites,  and  to  the  action  of  carbonic  acid 
upon  siderite,  &c.  The  decomposition  of  various  ferriferous 
minerals,  such  as  mica,  augite,  and  hornblende,  also  contributes 
largely  to  the  formation  of  ores  of  this  class. 

Large  quantities  of  lake  iron  ores  are  annually  obtained  in 
Norway  and  Sweden  by  dredging  from  the  bottoms  of  the  lakes 
so  numerous  in  those  countries.  The  ores  may  occur  either  on  the 
spot  in  which  they  have  been  precipitated,  or  they  may,  on  the 
contrary,  be  carried  by  the  force  of  running  water  into  lakes  or 
ponds  at  some  distance.  They  are,  however,  usually  found  in 
the  neighbourhood  of  rush-banks,  and  on  the  slopes  and  shallows 
of  some  of  the  larger  and  deeper  lakes,  in  patches  varying  greatly 
in  extent  and  thickness.  The  work  of  collecting  these  ores  is 
limited  to  the  winter  months,  when,  the  lakes  being  frozen  over, 
they  are  obtained  by  breaking  holes  in  the  ice  and  scooping  them 
up  by  means  of  perforated  shovels.  Ores  of  this  class  are  being 
continually  reproduced,  and  lakes  in  which  they  had  become  com- 
pletely exhausted  by  dredging,  have,  after  the  lapse  of  a  quarter 
of  a  century,  been  again  found  to  contain  beds  several  inches  in 
thickness,  whicli  nmst  necessarily  have  Ijeen  depo.sited  during  that 
jK'riod. 

Attention  was  first  called  by  Kindler  to  the  importance  of  the 
effects  produced  by  decaying  vegetable  matter  on  the  solubility  of 
ferric  hydrates.^  He  observed  that  where  pine  trees  had  been 
planted  upon  sand-hills  in  such  a  position  that  falls  of  sand  were 
occasioned  by  the  action  of  running  water,  the  ferruginous  and 
quartzosc  sand  was  rendered  colourless  around  decaying  roots,  and 
that  it  became  in  the  course  of  a  few  months  as  white  as  if  it  had 
been  treated  by  an  acid.  The  action  of  a  root  one-sixth  of  an 
inch  in  diameter  whitens  the  sand  to  a  distance  of  from  one  to  two 
inches  around  it. 

A  remarkable  bed  of  compact  and  exceptionally  pure  iron  ore 
of  this  class  forms  the  capping  of  a  hill  at  Kio  Tinto  in  the 
province  of  Huelva,  Spain,  in  close  proximity  to  the  celebrated 

'  Poggendorff$  Annalen  der  Phv»ik  und  Chemif,  vol.  xxxvii.  1886,  p.  203. 
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copper  mines  of  that  name.  In  Southern  Spain  deposits  of  cupri- 
ferous iron  pyrites,  having  a  general  direction  somewhat  north  of 
west  and  south  of  east,  extend  from  near  Seville  to  within  the 
Portuguese  frontier.  At  Rio  Tinto  the  deposits  of  this  mineral  are 
very  extensive,  and  consist  of  a  compact  and  intimate  admixture 
of  iron  pyrites  with  a  little  copper  pyrites,  through  which  strings 
of  the  latter  mineral  sometimes  ramify. 

Although  these  mines  have  been  worked,  and  the  copper 
smelted,  from  time  immemorial,  it  is  evident  from  coins  which 
have  been  discovered,  that  their  great  development  under  the 
Romans  took  place  during  the  first  four  centuries  uf  the  Christian 
era.  The  prevailing  rocks  throughout  the  region  are  clay  slates, 
which,  from  the  evidence  of  various  fossils,  are  apparently  of 
Silurian,  Devonian,  and  Caj-bouiferous  ape.  These  slates  are 
broken  through  by  dykes  of  quartz-porphyry,  which  frequently 
form  one  of  the  walls  of  the  deposits  of  cupriferous  pyrites. 
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Fossiliferous  iron  ore  forms  a  cap  three-fifths  of  a  mile  long, 
•with  an  average  width  of  140  yards,  on  the  top  of  the  M^sa  de 
lo9  Pinoa  984  yards  south  of  the  great  open  cutting  at  Rio  Tinto. 
Its  surface  is  approximately  level,  but  its  depth  varies  from  one  to 
seventeen  yards  iu  accordance  with  the  conforinatioa  of  the 
surface  of  the  rock  upon  whiclj  it  lies.  The  slate  beneath  it  is 
bleached  and  to  some  extent  decomposed. 

The  relative  positions  of  the  several  formations  will  be  under- 
stood on  referring  to  Fig.  1. 

On  the  extreme  right  is  a  broad  hard  porphyritic  dyke  forming 
the  north  wall  of  the  south  lode,  next  to  which  is  the  great  vein 
of  pyrites,  which  at  this  point  has  only  one-third  of  its  greatest 
width.  Next  in  succession,  to  the  south,  comes  a  band  of  slate 
which  is  again  penetrated,  on  the  left,  by  a  broad  dyke  of  quartz- 
porphyry,  now  much  decomposed.  The  upper  part  of  the  pyrites 
vein  has,   to  a  considerable  depth,  been  converted  into  a  ferru- 
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ginous  capjjiug,  of  which  a  large  portion  has  been  removed  by 
denudation.  The  stratum  of  iron  ore  forming  the  surface  of  the 
M^sa  de  los  Finos  has  precipitous  sides ;  and  a  small  outlying  patch 
of  a  similar  formation  occurs,  within  a  metre  of  the  same 
elevation,  at  the  Cerro  de  las  Vacas.  Numerous  fissures  occur  in 
the  surface  of  the  larger  deposit  of  iron  ore^  and,  out  of  these,  pine 
trees  formerly  grew,  their  presence  giving  the  name  to  th^ 
locality. 

An  exceptionally  pure  specimen  of  this  iron  ore  afforded  on 
analysis  the  fotlmving  results  : — 

Water 13-25 

Silica 1"53 

Ferric  oxide .  84'65 

Alumina trace 

Phosphoric  anhydride "l* 

Sulphur -23 

99-80 


During  the  process  of  quarrying  this  ore,  the   presence   wj 
observed  of  the  fossil  remains  of  the  leaves  and  seeds  of  plant 
belonging  to  species  still  growing  in  the  neighbourhood,  as  well 
of  several  well-preserved  beetles. 

Any  di>ubt  as  regards  the  recent  character  of  these  fossUi* 
has  been  removed  by  Mr.  W.  Carruthers,  who  found  the  speci- 
mens from  Rio  Tinto  to  contain  fragments  of  the  following 
plants,  which  he  was  enabled  to  identify: — Leaves  and  acorns  of 
Quercvs  ilex,  Linn. ;  leaves  and  seeds  of  a  two-leaved  species  of 
Pinus,  most  probably  ri7ius  inriea,  Limi. ;  the  cone  of  Eq;tt,ist.tum 
arvcnse,  Linn. ;  and  a  small  branch  of  a  species  of  Erica.  The  greater 
portion  of  some  specimens  of  the  ore  represented  a  thick  growtb  of 
moss,  but  it  was  impo.ssible  to  say  of  what  species.  The  whole 
was  permeated  by  minute  branching  roots,  showing  that  the 
vegetation  was  formed  as  a  peat-moss,  the  oak  and  pine  leaves 
having  been  carried  or  blown  into  it.  The  plants  evidently  belong, 
all  of  them,  to  species  still  found  growing  in  Spain.  In  addition 
to  these  fossils,  this  deposit  occasionally  contains  minut*  concre- 
tionary patches  of  imperfectly  crystallized  quartz. 

The  origin  of  this  deposit  of  iron  ore  can  scarcely  be  doubtful. 
At  the  time  of  its  formation  a  marsh  or  shallow  lake  extended 
from  beyond  the  M^sa  de  los  Pinos  to  the  foot  of  Cerro  Salomon, 
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anil  into  tlils  flowed  solutiuns  of  iron  salts  resulting  from  the 
decomposition  of  the  up[ier  jwrtioiis  of  the  immense  muss  of 
p^'rites  constituting  the  south  lode.  From  these  salts  oxide  of  iron 
was  deposited,  as  in  the  case  of  bog  iron  ores  generally ;  and 
finally  the  valley  of  the  Rio  Agrio  was  eroded,  as  well  as  that 
south-west  of  the  deposit,  leaving  the  M«^sa  capped  with  iron  ore, 
while  a  small  patch  of  the  same  mineral  was  Itft  at  the  C Jerro  do 
las  Vaciis. 

That  this  deposit  took  place  at  a  comparatively  recent  date  is 
evident  from  the  fossils  it  contains,  and  it  is  t'(|ually  cerkun  that 
tlie  erosion  of  the  valley  is  older  than  tho  ocoiipation  of  the  district 
by  the  Romans.  Not  only  are  remains  of  buildings  and  other 
■works  belonging  to  the  Roman  period  found  in  the  valley,  but  tlie 
Roman  gravestones,  of  which  many  are  stilj  .■scatterud  ovcf  the 
district,  are  invariably  made  of  tliis  iron  ore. 


Strati FiKD  Deposits. 

Ore  beds  are  metalliferous  atrgregations  interpolated  between 
rocks  of  se<nmeutary  origin  belonging  to  every  geological  age, 
Tliey  lie  par.iUel  to  the  stratihcjition  of  the  enclosing  rocks,  and 
follow  all  their  contortions.  In  this  way  ore  beds  form  synclinals 
or  basins  and  anticlinals  or  saddles,  of  which  the  upper  portions 
are  often  removed  by  denudation. 

When  a  bed  has  been  tiUmt  from  a  horizontal  position  its 
inclination  towards  the  horizon  is  called  its  dip,  and  the  amount 
of  this  dip  may  be  stated  either  in  degrt'cs,  or  by  ^^aying  that  it 
falls  a  certain  number  of  feet  or  inches  in  a  given  distance.  The 
b'ne  at  right-angles  to  the  dip  of  a  bed  is  called  its  stiU,r,  and  is 
describeil  as  its  line  of  compass  bearing,  either  true  or  magnetic, 
though  the  former  ia  to  be  preferred. 

The  ilip  may  consequently  bo  defined  oft  the  line  of  greatest 
inclination  that  can  bo  drawn  on  the  surface  of  a  bed,  while  the 
strike  is  the  line  at  riglit  angles  to  its  tiip. 

The  line  along  whir  h  a  bed  cuts  the  surface  of  the  ground  is 

ed  the  outcrop  or  irt.-j.wi,  and  this,  where  the  .surface  is  horizontal, 
will  correspond  with  the  strike.  Unrler  no  other  circumstances 
will  this  l)o  the  case  unless  the  bed  be  absolutely  vertical;  for 
all  other  inclinations  the  outcrop  will  wind  around  with  the 
irregularities  of  the  surface,  the  deflections  becoming  greatest 
where  tlie  dip  is  least  considerable. 

c 
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The  layer  immediately  beneath  a  metalliferous  bed  is  called 
its  ^oor,  while  that  which  lies  directly  above  it  is  its  roof.  The 
thickness  of  a  bed  is  measured  by  a  line  perpendicular  to  its 
floor  and  roof.  The  thickness  often  varies  considerably  in  diiferent 
parts,  and  the  be»l  may  gnulually  thin  out  and  finally  dis- 
appear. In  many  cases  there  are  no  very  sharp  limits  between  a 
metalliferous  betl  and  the  enclosing  rocks. 

Some  beds  consist  of  one  or  more  layers  of  a  compact  ore,  such 
as  limouite,  ha;matite,  or  siderite,  distributed  with  considerable 
regularity  throughout ;  the  amount  of  ore  depending  on  the 
thickness  of  the  deposit.  In  other  metalliferous  beds,  and 
especially  in  those  consisting  of  sphserosiderite,  the  ironstone 
forms  nodules  enclosed  in  particular  zones  of  a  stratified  rock. 
A  true  ore  bed  never  possesses  a  combed  structure  made  up  of 
symmetrical  layers  such  as  is  common  in  mineral  veins,  and  is 
usually  without  the  cry.stulliue  texture  so  frequently  observed  in 
veinstones. 

Liktj  all  <jther  rocks,  metalliferous  be«ls  are  fro<iuently  divided 
by  fissures ;  these  are  sometimes  nu-re  rents  ;  but  there  is  often  not 
only  a  severance  of  the  strata,  but  also  a  di.splacemcnt  of  the  rocks 
severed.  In  this  way  (xntions  of  be<ls  which  were  originally 
continuous  are  found  at  very  different  levels  on  the  oppiwite  sitles 
of  a  rissure,  and  hundreds  of  feet  may  intervene  between  the 
disunited  portions  of  a  bt'd  once  upon  tl»e  same  j)lane.  In  such  ciises 
tlio  fissure  is  by  geologists  called  a  fimlt,  and  is  known  among 
miners  as  a  slip,  slide,  heave,  tlirmn,  trouble,  or  eheek.  The  amount 
of  disturbance  produced  by  a  fault,  measured  vertically,  is  called  its 
throw,  and  is  often  spoken  of  as  an  upthrow  or  a  downthrow, 
according  to  the  side  from  which  it  is  aj^proached  by  the  workings 
of  the  miner.  When  the  surface  is  horizontal  its  amount  may  be 
measured  perijendicularly  from  the  outcrop,  but  when  this  is  not 
the  case  it  i.s  measured  from  an  assumed  horizontal  plane.  If  a 
bed,  where  it  is  cut  by  a  fault  at  a.  Fig.  2,  be  50  yards  from  the 
surfivce  a  d  or  from  an  imaginary  horizontal  line,  and  the 
other  portion  of  the  bed  on  the  opposite  side  of  the  fault  be  at 
/)  100  yards  below  the  same  line,  the  throw  of  the  foult  is 
said  to  be  .')()  yards  without  regard  to  the  distance  measured 
horizontally  citluT  from  A  to  H  or  from  a  to  h  along  the  fault. 
When  the  outcrop  of  a  bed  is  cvit  by  u  fault,  the  distance  between 
the  two  pnrts  of  tlie  broken  bed,  moasure<l  at  right  angles  to 
its  strike,  is  usually  spoken  of  as  the  heare  of  the  fault.  The 
cliaracter   of  a  fjuilt   is  iiiuoh    iurluenced  by  the    hardness   and 
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rigidity  of  the  rocks  traversed  by  it,  while  its  eflfect  mainly  depends 
on  the  peculiarities  of  the  beds  through  which  it  passes,  with  regard 
to  their  amount  of  dip  and  degree  of  contortion ;  the  result  is  also 
much  influenced  by  the  direction  and  inclination  of  the  fault 
itself. 

When  beds  of  a  soft  and  yielding  nature  are  traversed  by  a 
fault,  the  fissure  is  often  bounded  by  two  mere  planes  of  division, 
the  surfaces  of  which  are  frequently  polished  and  striated  by 
the  friction  to  which  they  have  been  subjected.  These  polished 
surfaces  are  known  under  the  name  of  dickensides,  and  occur 
most  numerously  in  the  neighbourhood  of  mineral  veins,  and 
in  rocks  which  have  been  much  subjected  to  disturbing  in- 
fluences. In  some  cases,  although  the  planes  bounding  the 
fracture  along  the  line  of  fault  may  be  apparently  sharp  and  clean, 
the  beds  on  either  side  are  traversed  by  numerous  subordinate 


Via.  2.— Section  of  a  fault. 

slickensides,  as  though  a  tremulous  grinding   motion   had   been 
communicated  to  the  beds  for  some  distance. 

In  many  cases  beds  end  abruptly  at  a  fault  without  anj"^  kind  of 
disturbance  in  their  direction,  as  seen  in  Fig.  3,  where  the  throw  is 
measured  by  the  vertical  distance  between  the  two  portions  of  the 
beds  a,  h,  c,  or  d,  respectively.  They  sometimes,  however,  appear 
to  have  been,  to  some  extent,  distorted  and  bent  out  of  their  original 
position  along  the  plane  of  fault.  This  bending  of  the  beds 
usually  occurs  in  the  way  indicated  m  Fig.  4,  as  might  be  antici- 
pjitcd  from  the  supposed  nature  of  the  motion  which  has  taken 
place,  and  they  are  then  said  to  dij)  to  the  dovrnthroio  »xiA.  rise  to  the 
upthrow.  J.  Beete  Jukos  states  that  he  had  frequently  been  told 
by  coal  miners  that  the  reverse  of  this  bending  sometimes  takes 
place,  and  that  he  had  himself  seen  an  exam[)lc  of  this  roveiscd 
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flexure  at  the  Himley  Colliery,  near  Dudley,  but  was  unabfe  to 
explain  its  cause.* 

A  series  of  parallel  faults  situated  at  short  disLance»  from  one 
another  sometimes  traverse  a  district  for  considerable  distances,  and 
if  the  throws  are  all  in  the  same  direction,  they  break  up  the  sti 
into  a  number  of  steps  as  shown  in  Fig.  5. 


no.  a.— Beda  f«iilt«<l  without  dlttortioB;  Mflioo 


When  any  of  the  throws  are  in  contrary  directions,  it  is  mani- 
fest that  an  irregular  disruption  of  the  beds  must  bo  the  result. 
It  has  been  suggested  that  in  speaking  of  the  inclination  of 
faalt«,  it  oiight  perhaps  be  better  not  to  employ  the  term  dip,  as 


FM.  4.— Uedt  illi(ort«4  bjr  a  huU  ;  i«etloii. 

iu  the  case  of  beds,  but  to  adopt  that  of  hcule  or  underlie,  were 
it  not  for  the  fact  that  miners  generally  use  the  terms  hade  and 
underlie  iu  the  sense  of  an  incliuatiun  froni  the  vertical.  The 
underlie  is  the  complement  of  the  dip,  which  means  the  inclination 
^  "  Th«  Student'*  M*nu*  7,"  Srd  Edition,  1872,  p.  201. 
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from  the  horizon,  and  thus  a  plane  which  dips  60°  will  underlie 
30'  from  the  vertical.  When,  therefore,  these  terms  are  used,  it  is 
necessary  that  it  should  be  understood  in  what  sense  they  fire 
employed.  The  word  dip  is  always  intended  to  express  an  inclina- 
tion measured  from  the  horizontal,  while  hade  and  underlie  are 
employed  to  signify  an  incliuation  from  the  vertical. 

Faults  are  sometimes  jterpeudicular,  and  their  throw  is  then 
not  attended  by  any  horizontal  displacement ;  they  are,  however, 
much  more  frequently  inclined,  and  their  dip  is  almost  universally 
in  the  direction  of  the  downthrow.  When  such  is  the  case  it 
follows  that  whatever  may  l>e  the  incliuation  of  a  fault,  no  part  of 
any  bed  can  be  brought  vertically  beneath  any  otiier  portion  of 
the  samo  bed,  nor  can  any  superior  strata  be  brought  immediately 
under  those  originally  above  them.  Exceptions  to  these  rules 
occur  in  rare  instances   only,   and   are   known   by  the    name  of 


Fio.  S.— step  fuilts. 


rued  faults.  A  diagrammatic  representation  of  such  a  fault  is 
given  in  Fig.  6,  where  it  will  be  observed  that  the  beds  on  the 
right  of  tlie  fissure  must  either  have  been  forced  upwards,  or 
have  remained  stationary,  while  those  on  the  other  side  were 
carried  downwards  along  the  line  of  fissure.  Although  the 
occurrence  of  reversed  faults  is  decidedly  exceptional,  they  are, 
nevertheless,  occasionally  met  with. 

It  is  manifest  that  when  strata  which  have  been  much 
contorted  are  traversed  by  faults  differing  from  one  another  both 
in  dip  and  in  direction,  the  changes  resulting  in  the  relative  j>osi- 
tions  of  the  beds  will  sometimes  be  of  a  very  jierplexing 
character.  A  consideration  of  complicated  examples  of  faulting 
would  occupy  more  space  than  can  be  here  devoted  to  the  subject, 
but  a  careful  study  of  such  phenomena  on  the  ground,  having  due 
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reganl  to  the  foregoing  general  rules,  will  enable  the  observer  to 
unravel  all  ordinary  complications  which  may  present  themselves. 
a.  Deposits  constituting  the  bulk  of  metalliferous 
Beds  formed  by  precipitation  from  Aqueous  Solutions. — Of 
all  metalliferous  ores  those  of  iron  and  manganese  occur 
most  frequently  in  the  form  of  beds,  but  although  they  are  found 
in  formations  of  all  ages,  their  maximum  development  is  in  the 
older  rocks.  The  Carboniferous  rocks  of  both  England  and 
America  are  especially  rich  in  interstratified  be<ls  of  argillaceous 
ironstone.  Argillaceous  carbonate  of  iron  is  one  of  the  meet  im- 
portant sources  of  iron  in  the  United  Kingdom,  and  furnishes  a 
large  proportion  of  the  iron  annually  produced.  The  most 
important  deposits  of  red  haematite  in  this  country  are  enclosed 


b 
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in  h()lU»WH  in  the  Carboniferous  Limestone ;  they  sometimes 
nsHume  the  form  of  irregular  beds,  and  are  regarded  as  being  of 
i'oruiiun  age. 

Argillacecms  carbonate  of  iron  is  found  either  interspersed 
through  the  clays  and  shales  of  the  Coal-measures,  or,  less  frequently, 
among  the  argilluccouH  members  of  Secondary  or  Tertiary  strata. 
Tho  nodular  variety,  which  is  the  most  abundant,  essentially 
coMHiHts  of  carbouute  of  iron  associated  with  OArbonates  of  lime, 
magncHia,  and  nianganeso ;  it  also  invariably  contains  a  consid- 
erahli)  j>roportion  of  day.  In  some  instances  the  nodules  of  iron- 
Htono  ooalcsco  into  beds,  hut  tlu'so  are  usually  restricted  both  in 
t'.xtent  and  in  thicknt'ss.  Nodidar  ironstone  is  for  the  most  part 
<'ouorotionary  in   strufturi',  hfiiig  formed  of  concentric  deposits. 
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which  fre«iueutly  enclose  foasil  fish,  shells,  or  plants.  Ferruginous 
scptaria  are  often  traversed  hy  fissures  similar  to  those  produced 
by  llie  shrinking  of  clay  in  drying,  and  tlitse  are  filled,  as  in  veins, 
with  such  minerals  as  calcile  und  quartz  with,  occasionally,  pyrites, 
blt-ude,  galena,  niillcrite,  or  hatchcttine,  the  two  last  being  asso- 
ciated together  in  the  clay  ironstone  of  Dowlais  in  Glainorganshire- 

Sphaerosideril*,  when  freshly  broken,  ordinarily  presents  a 
yellowish  or  hluish-grey  fracture,  which,  owing  to  a  superficial 
peroxidation  of  some  of  the  iron,  becomes  brown  on  exp*jsurc.  Clay 
iruQstoues  contain  from  about  29  to  37  per  cent,  of  iron,  and  phos- 
phoric acid  is  usually  present  in  varying  aniouiits, 

Blackhaud  is  a  cluy  ironstone  containing  a  consiilerable  amount 
of  cnrhonju^cous  matter,  and  is  exceedingly  valuable  from  the 
cheapness  with  which  it  can  be  calcined  without  the  addition  of 
fad.  The  calcined  residue  from  this  ore  contains  from  50  to  nearly 
70  per  cent,  of  iron.  In  the  coal-fields  of  Western  Scotland 
s<iveral  blackban<l  measures  are  known,  having  an  aggregate 
thickness  of  nearly  six  feet.  In  Staffordshire  it  occurs  in  beds  of 
om  four  to  nine  feet  in  thicknp.s.s,  and  it  is  also  found  in  numerous 
niall  irregular  beds  in  North  Wales.  The  Rhenish  and  Westphalian 
coal-lielda  likewise  yield  this  ore. 

The  most  j)roductive  iron-bearing  members  of  the  Secondary 
rocks  are  the  Middle  Lias,  Great  Oolite,  Wealden,  and  Lower  Green- 
soud,  yielding  brown  ha?raatite  and  earthy  carbonate  which,  although 
in  the  miijority  of  cuses  of  low  quality,  are  rendered  of  great 
commercial  imjiortance  by  the  extremely  cheap  rate  at  which 
they  am  be  mined.  In  France  and  Southern  Germany  large  quan- 
tities of  Itean  or<',  a  coarse-grained  plsolitic  iron  ore,  is  procured  fruiu 
irregular  defjosits  in  rocks  of  (Jolitic  age.  The  amount  of  iron  iu 
ores  of  Secondary  age  usually  varies  from  about  32  to  48  [)er 
cent,  while  the  proportion  of  phosphoric  acid  is  sonjetimes  as  high 
as  two  per  cent. 

There  is  but  little  iron  ore  of  Tertiary  age  in  this  country,  the 
principal  deposit  being  at  Hengistbury  tiemi  in  Dorsetshire. 
Tertiary  iron  ores, however,  occur  on  the  (Continent,  and  are  some- 
what extensively  collected  from  surface  deposits  in  France,  Gennany, 
and  el.se where ;  many  of  these  deposits  are  of  a  detrital  character. 

The  separation  of  mineral  matter  from  ma.sBes  of  rock  through 
which  it  was  originally  but  sparsely  disseminated  is  well  exempli- 
fied in  the  ironstone  nodules  of  the  Coal-measures,  which  e\'idently 
r^ult  from  the  separiition  and  aggregation  of  carbonate  of  iron 
from  the  surrounding  shales  and  ckiys. 
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The  calcareous  n<Klules  of  the  Lias  and  the  argillaceous 
deposits  known  as  septaria,  and  similar  nodules  in  the  Old  Bed 
Sandstone  of  Scotland  and  Sjuth  Wales,  sometimes  termed 
"  cornstones,"  have,  in  the  same  way,  resulted  from  the  separation 
of  a  small  amount  of  calcareous  matter,  originally  distributed 
througli  the  mass  of  argillaceous  and  siliceous  sediments.  Not 
unfre({uently  these  argiliu-calcareous  nodules  contain  fragments 
of  the  enclosing  stratified  rock,  layers  of  w^hich  may  be  traced 
through  them ;  the  lantintp  having  the  same  direction  as  the 
mass  of  the  rock  of  which  they  originally  formed  part.  This  has 
beeu  observed  in  nodules  from  the  Lias  of  Lyme  Regis,  and  in  the 
calcareous  septaria.  containing  fi.>ssil  fish,  in  the  Old  Red  Sandstone 
of  Cromarty,  &c.  In  the  same  way  siliceous  particles  originally  dis- 
seminated in  calcan.>ous  rocks  such  as  Chalk,  Portland  Limestone, 
Coral  Rng,  and  Carboniferous  Limestone,  have  separated  out  and  be- 
come segregated  into  the  various  forms  of  flint,  chert,  or  homstone 
now  occurring  in  those  rocks,  and  sometimes  enclosing  portions  of 
the  original  beils,  or  a  nucleus  of  some  fossilized  organism.  Occa- 
sionally the  siliceous  matter  has  fille<l  the  more  or  less  vertical 
Assures  of  calcareous  lock,  or  even  replaced  its  original  substance  ;' 
such  veins  of  flint  are  well  seen  in  the  chalk  cliffs  of  Bamsgate, 
and  in  the  Portland  beils  of  Tisbury,  Wiltshire.  In  a  similar 
manner  the  nodules  of  phosphate  of  lime  which  occur  in  certain 
fossiliferous  strata  have  evidently  been  derived  from  the  aggregation 
of  their  components,  previously  distributed  in  the  mass  of  the 
original  deposits.  It  is  well  known  that  the  plastic  clay  prepared 
for  the  manufacture  of  pottery  and  porcelain  is  mixed  with 
finely  ground  silica,  and  from  such  mixtures,  if  not  used  in  proper 
time,  it  is  stated  the  silica  becomes  aggregated  into  hard  lumps  or 
nodules,  which  render  them  useless  for  the  purpose  of  porcelain 
making. 

b.  Beds  orksinally  deposited  from  SoLutiON,  but 
SUBSEQUENTLY  ALTERED  BY  Mbtamorpiiism. — Iron  ores  occurring 
in  highly  metamorpho.sed  rocks  are  usually  either  in  the  state  of 
ferric  oxide,  Fcj  0,,  or  magnetite,  Fej  O,.  Both  these  minerals 
are  obtaine<i  from  beds,  lodes,  and  massive  deposits,  for  the 
nio.st  part  enclo-sed  in  rocks  of  ('anibrian,  Silurian,  Devonian,  or 
('arboniferous  age.  Reel  Iia>inatite  is  sometimes  crj'stalline,  some- 
times fibnms,  coUiniiiar,  botryoidal,  granular,  or  compact.  Among 
the  most  iniiKjrtant  Kuropean  de|X)sits  of  hiematite  are  those  of  the 
Inland  of  Elba,  of  Dalkarlsberg  near  Nora,  and  those  of  the  Island 
'  T.  Rupert  Joiifd,  "  Reli(j«in;  A(i(utani<'«p,"  1876,  p.  203. 
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of  Uto,  in  Sweden ;  in  the  two  hitter  localities  it  is  associated  with 
laaguetite.  In  the  Ishuid  of  Uto  the  oio  is  made  up  of  parallel 
layers  of  a  very  brilliant  specuhir  variety  of  hiematite  with  quartz, 
aad  is  therefore  not  unlike  the  rock  known  in  Brazil  as  itabirite. 

In  the  Hurouian  rocks  near  Marquette,  on  the  southern  shore 
of  Lake  Superior,  are  large  deposits  of  st:histose  haematite,  known 
by  the  name  of  iro7i  slntc  or  specular  scJiist,  which  have  long  been 
extensively  worked.  The  strata  enclosing  these  ores  are  much 
contorted,  and  are  chiefly  oompi:>9ed  of  talcose  and  chloritic  schists, 
lually  passing  into  pn,rallel  bands  of  jasper  and  hseraatite. 
Much  of  the  rock,  although  iiighly  ferriferous,  is  still  too  siliceous 
to  be  worked  for  iron  ;  but  beds  of  solid  hiettiatite,  of  great 
thickness  and  free  from  earthy  impurities,  are  quarried  at  tho 
Republic  and  Superior  Mines  in  the  district.  In  addition  to  hse- 
malite  aSectiug  the  usual  crystalline  f<irm,  these  beds  enclose 
numerous  crystuLs  of  the  octahedral  variety  of  ferric  oxide  known 
as  martite.  The  celebrated  Pilot  Knob  Mine  near  St.  Louis,  Missouri, 
is  worked  on  ores  of  a  nearly  similar  character  to  those  of  Lake 
Superior.  There  are  no  important  continuous  beds  of  haematite  in 
le  United  Kingdom. 

JIagnetic  Iron  ores,  when  they  occur  in  a  massive  form,  usually 
jntain  a  larger  proportion  of  oxygen  than  is  indicated   by  the 
irmula  Fe,  O^,  thus  indicating  the  presence  of  a  certain  amount 
of  hivmatite.      Magnetite  occurs  in    extensive  irregular  beds  or 
tratitietl  deposits  in  various  European  countries,  being  usually  en- 
)sed  iu  crystalline  metamorphic  rocks  and  associated  with  such 
linerals  as  hornblende,  cpidote,  garnet,  idocrase,  chlorite,  apatite, 
)\iartz,  felspar,  pyrites,  &c.     It  is  cvtensively  worked  at  Dannemora. 
Torberg,  Philippstadt,  and  Taberg  in  Sweden,  in  the  neighbourhood 
Arendal  in  Norway,  in   Russia,  and  in  Laplanrl.     The  largest 
[nown  European  deposit  of  iron  ore  of  this  class  is  probably  that 
Cielliviira,  in  Swedish  I^phind,  situated  about  ninety  miles  from 
le  head  of  tho  Gulf  of  Bothnia.    It  here  forms  a  hill  of  considerable 
leight    made   up   of   parallel    interlarainations   of  magnetic    and 
Bcular  iron  ores  as.sociatcd  with  quartzose  and  hornblendic  rocks. 
One  of  the  beds  is  nearly  200  feet  in  thickness  and  extends  over  a 
►large   area;    about   80   feet   of    this    bed    is  however,   contami- 
nated by  the  presence  of  apatite,  leaving  a  thickness  of  nearly  1-0 
feet  suitable  for  iron-making. 

An  extensive  deposit  of  magnetic  iron  ore,  which  has  been 
rorkcnl  from  time  immemorial,  occurs  at  Traversclla  in  Piedmont, 
rhere   it  forms  a  large  crj'stalUne   mass  in   talcose  schists  and 
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(Ioluiiiit<;s.     Magnetite  is  luuml  under  nearly  similar  circumstance  ^ 

at  Berggieshiiljel  in  Sax<»ny,  where  it  is  extensively  wrought.     A 

Nijni  Tagilske  and  Kuschvinsk,  iu  the  Ural,  it  is  mineii  in  a  do^L 
oritic  ]K>r|>hyry.     In  this  country  magnetite  d<.>es  not  occur  in  thk.^^ 
form  of  beds,  but  it  is  met  with  in  small  quantities  at  Brent  L 
South   Devon,  as  well  as  near  Penrj-n  iu  Cornwall ;   in  the  lattcm; 

]>lace  it  forms  a  vein,  three  feet  iu  width,  which  contains  a  sma 

quantity  of  oxide  of  tin. 

There  can  be  but  little  doubt  that  the  majority  of  thesestratifit:^r'4 
deposits  of  crystalline  iron  ores  were  originally  thrown  down  in     ^ 
hydrated  form  from  ariueous  solutions ;  but  ha\'ing  been  subsequent"!  ^ 
exposed  to  metamorphic  influences,  they  have  not  only  lost  their- 
combined  water,  but,  like  the  rocks  enclosing  them,  have  becoiae 
crystalline.     It  is  probable  that  iu  si>me  instances,  they  may  have 
been  dcjMsited  as  carbonate  of  iron,  which  first  l<ist  its  carbonic  acid 
and  8ub.sequently  became  more  highly  oxidiwd. 

Professor  J.  S.  Newberry,  in  a  valuable  contribution  to  the 
School  of  Mines  Quartfrly  for  November,  1880,  enumerates  the 
sources  whence  the  necessary  supply  of  iron  may  he  derived. 

In  the  oldest  existing  rocks  of  which  we  have  any  knowledge 
iron  is  an  importa,nt  constituent  of  many  minerals,  such  as  horn- 
blende, garnet,  biotite,  &c.,  and  in  rocks  of  this  description  deposits 
of  iron  ore,  conmioidy  as  magnetite  in  the  granites  and  as  haema- 
tite in  the  slates,  are  of  frequent  occurrence.  Deposits  of  this  class 
wore  formerly  supposed  to  be  of  eruptive  origin,  but  more  recently  it 
has  been  pointed  out  by  various  authors  that,  almost  without  a 
doubt,  they  are  of  sedimentary  origin.  The  magnetites  and 
hsematites  of  the  older  roc^ks  become  by  exposure  converted  into 
hydrated  ferric  oxide,  which  alteration  is  constantly  attended  by  a 
change  of  structure  resulting  in  exfoliation.  Iron  oxide  thus  be- 
comes mixed  with  the  soil,  where  it  is  exposed  to  the  action  of 
car})onic  acid  and  various  other  acids,  resulting  fi'om  the  decompo- 
sition of  vegetable  matter.  By  these  it  is  dissolved,  and  becomes  a 
constituent  of  the  surface  drainage  of  the  country,  to  be  carried  a 
greater  or  less  distance,  and  finally  deposited  in  the  form  of  an  ore 
of  iron.  In  the  same  way  various  minerals  containing  iron,  such  as 
hornblende  and  garnet,  forming  constituents  of  the  rocks,  are  gradu- 
ally dissolved  by  carbonic  acid  and  other  solvents,  and  thxis  pass  into 
solution.  Iron  ])yriti's  undergoes  a  somewhat  different  form  of  de- 
conijK)siti()n,  since  botli  its  constituent's  become  oxidized  with  the 
formation  of  sulphate  of  iron,  from  which  oxide  of  iron  is  ultimately 
de}M>sit.'»d, 
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In  continuation  of  this  subject  Dr.  Newberry  then  proceeds  to 

Ri-y  : — "  Having  now  got  the  insoluble  peroxifle  of  iron  into  a  solulile 

i'oar-iu,  let  ua  follow  it  in  its  travels,     All  the  lirainagf  of  a  forest- 

■^'ered  country  may  be  asserted  to  contain  iron.     Where  the  rocks 

d  soils  hold  this  metal  iu  unusual  ({uantities  the  amount  dissolved 

111  transport*;(l  is  proportionately  great,  and  many  of  the  springs  are 

Jybeate.     Wherever  these  solutions  of  the  salt?  of  iron  are  ex- 

^«3setl  to  tlie  air   they  absorb  oxygen,  and  the  iron  is  converted 

ito  the  hydrated  sestjuioxide.      This  we  see  in  the  precipitate  of 

on  springs  as  yellow  ochre  ;  in  bogs  and  pools  it  forms  an  iridescent 

Im,  wliicli,  when  broken,  sinks  to  the  bottom  uf  the  water.     If  it 

■^tJiere  find-s  decaying  organic  matter,  it  is  robbed  of  a  pirtion  of  its 

oxygen,  wliich  uuiti-s  wath  the  carbon  to  form  carbonic  acid,  and 

"this,  bubbling  Ut  the  surface,  escapes.     The   iron  thus  becoming 

jigain  a  soluble  proto-salt,  and  floating  off,  absorbs  more  oxygon, 

and  carries  this  also  to  the  organic  mattur,  continuing  to  do  this 

til  all  is  oxidized  ;  then  it  is  precipitated  as  limonite  or  bog  iron 

Thus  it  will  be  seen  that,  under  such  circumstances,  iron 

plays  the  same  part    that  it  does  in  the  circulation  of  tlie  blootl, 

where  it  is  oxidized  in  the  lungs  and  carbonized  in  the  capillaries, 

serving  simply  as  a  carrier  of  oxygen."    Beds  of  iron  ore  thus 

formed    naturally   l)ecome   metamorphosed  at    tlie  same  time   a» 

^^e   enclosing  rocks,  and   give  rise   to   dei>osits  citlier    of    mag- 

^^htite  or   htematite  in  accordance  with  varying  conditions. 

^V  r.  OUE.S  DISSEMINATED  THROUGH  SEDIMENTARY  BeDS,  IN 
^Bai(  U  THKY  HAVE  BEEN  CHEMICALLY  DEPOSITED. — The  mOSt 
typical  example  of  a  bed  of  this  class  is  exhibited  in  the 
JCup/crscfiie/cr,  nr  copper-bearing  slmle  of  Mansfuld,  iu  Prussian 
Saxony,  where  mining  has  been  fur  many  centuries  extensively 
carrie<l  on.  The  metalliferous  bed  occurs  in  the  Zcchstdn,  a 
member  of  the  Permian  formation  wanting  in  this  country,  but 
regarded  as  being  equivalent  to  the  Magnesian  Limestone  of 
England.  At  Mansfeld  the  highest  stratum  of  the  series  consists 
Tgely  of  unstratified  gy|:)sum,  in  which  are  numerous  cavities, 
ally  called  Gijpssridolten,  caused  by  the  solvent  action  of  water 
sulphate  of  lime.  With  the  gypsum  is  associated  a  soft  bitu- 
iuous  dolomitic  limestone,  locally  known  as  Asche,  and  beneath 
follows  a  stratified  fetid  limestone,  beluw  which  is  tlie  true 
bstein,  giving  name  to  the  formation.  In  depth  this  passes 
I/O  a  bituminous  marly  shale,  the  lowest  portion  of  which,  seldom 
eighteen  inches  in  thickness,  constitutes  the  chief  copper- 
ing  stratum,  extending   with  wonderful  regularity  for  many 
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tnileg.  or  thU  Horaetimcs  ouly  from  four  to  6ve  iDclieH  is  mS 
ciently  rich  to  pay  the  oust  of  smelting;  the  jiroportion  of  coppe 
in  the  ures  treated  varying  fruin  two  to  five  per  cent.  The  ore  i 
for  tb«  most  part  an  argentiferous  fahlorz  ;  but,  in  addition  to  thi 
ritincral,  copper  ]>yrites,  copper  glance,  erubeacite,  native  coppe 
melaconitc,  cuprite,  galena,  bh?ndo,  copper-nickel,  and  ire 
pyrites  are  present.  Native  silver  is  but  rarely  met  with, 
are  also  antimony,  bismuth,  and  arsenic. 

Under  the  copper  shale  is  a  calcareous  sandstone,  varying 
colour  from  white  to  grey,  which  is  in  part  a  conglomerat 
Thin,  In  accordance  with  its  colour,  is  called  cither  tlie  whi 
layer,  WriMlittjcndtt,  or  grey  layer,  Orauliegendts,  and  .sometirn( 
contains  copfier  ores.  The  regular  bedding  of  these  strata  is  fn 
tjucntly  diisturU^d  by  faults,  which,  although  they  themselves  rare! 
c^mtain  ore,  appear  to  have  exercisetl  couHiderable  influence  », 
the  njetalliferous  contents  of  the  strata  traversed  by  them.  Thi 
is  iudicattid  by  a  uuirked  increase  or  decrease  in  the  amount  o 
oro  contained  in  the  beds  for  considerable  distances ;  the  effec' 
sontetimen  extending  as  far  as  their  intersection  by  the  next  f?udt 

At  Frankeuborg,  in  Hesse,  wlierc,  among  numerous  otbol 
ORnimn  lucnlities,  copper  occurs  in  .small  quantities  in  the  Zcchst^ 
group,  the  tnie  on^-bearing  l>ed  consist.**  of  a  light  crumbling  clay 
anrl  the  oro  is  not,  as  at  Mansfeld.  disseminated  in  microscopi* 
jNirticleii,  but  Aii.HumeA  the  form  of  fossil  plants.  The  stalks,  fnii 
and  leaves  of  these,  are,  in  some  cases,  converted  into  eilhc 
t<rtralicdritc.  or  copper  glance,  while  in  others  the  plants  hav< 
become  converted  into  coal,  and  are  traversed  by  numerous  string 
of  copper  ore.  Iron  pyrites  is  rarely  associated  with  the  ores  o 
copjM-r  in  the  Frankonborg  deptjsits. 

The  remarkable  Iwjdsof  crystalliiio  sandstone  which  are  worl 
fiir  lead  ore  at  Commcrn,  in  Rhenihh  Pnissi.-i,  are  of  Lo 
'I'riashic  age,  and  may  h»<  regardcil  as  belonging  to  the  class 
dei»osits  at  present  under  consideration.  They  are  situated  &I 
the  extreme  northern  end  of  the  Eifel,  the  ore-bearing  rock 
being  a  white  sandstone  of  great  thickness,  which  is  covered  by 
red  siindstones  an<i  conglomerates.  The  upper  portions  of  th€ 
metal lifcrouH  rock,  which  alone  arc  sufficiently  rich  to  repay  the 
expenses  of  working,  are  tliickly  charged  with  concretions,  varying 
in  size  from  a  pin's  head  to  a  pea,  which  are  made  up  of  C|uartzo8€ 
sand  cemented  by  galena.  The  roof  ot  the  bi;d.  which  consists  ol 
conglomerate,  is  not  Wf  '  '  '■r  kjid,  although  it  sometimes  contains 
pebb'  galena.     In  tlie  ujvper  beds  large 
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^■spheroidal  concretions  of  brown  ironstone  are  abundant,  some  of 
^Hlhem  being  perfectly  consolidated,  whilt!  otlitrs  are  still  in  a  soft 
^Huate.  These  nodules  contain  small  quantities  of  cliromium, 
^^Bpidiiim  and  tit^anium,  the  last-named  metal  being  present  in 
^Vw^t  amount. 

^H  Tlie  workings  are  carried  on  partly  by  open-cast,  and  partly  by 
^H  underground  mining.  When  the  over-burden  does  not  exceed 
^B  100  feet  in  thickness  the  metalliferous  bed  is  stripped,  the  overlying 
^H  iwk  being  removed  by  a  series  of  terraces.  When,  however,  in 
^B  following  the  deix>.sit  to  the  dip,  the  covering  becomes  of  a  greater 
^H  ibickness  than  that  indicated,  levels  are  driven  iuto  the  bed,  and 
^Btlie  ore  is  won  by  a  system  of  irregular  pillar-working,  not  unlike 
^■tiiat  employed  for  winning  the  thick  coal  of  South  StafTordsliire. 
^HTiie  rock,  although  soft,  usually  stands  without  timber,  but  when 
^■Kice  broken  from  the  mass  it  crumbled  so  readily  that  the  nodules 
^of  impure  lead  ore  are  separated  from  the  unproductive  sand  by 
^^e  use  of  dnim-sievcs.  This  sifting  \s  carried  on  in  the 
^■bi&e  itself  by  manual  labour,  the  nodules  of  lead  ore  alone 
^Bing  sent  to  surfa(!e,  while  the  sand  separated  from  them  is 
^B*"jtloyed  for  tilling  the  exhausted  workings.  The  nodular  galena 
"^i-xed  with  sand  is  subsequently  stamped  and  dressed  in  the  usual 

«l».y,  but  the  carbonate  of  lead,  a  considerable  amount  of  which  is 
heseut  in  the  rough  ore,  is  to  a  large  extent  lost  in  the  operation. 
kie  annual  production  of  lead  from  this  district  is  very  considerable, 
^*id  the  lead  produced  from  the  ores  conUiins  from  2}  oz.  to  4^  oz. 
^f"  silver  per  ton.     Lead  ores   occur  under  somewhat  similar   cir- 
cumstances near  Gerolstein  in  the  High  Eifel,  and  in  many  other 
L^3ermim  localities,  as  well  as  in   Nottinghamshire  and   Leicester- 
^Biiro  in  this  country. 

In  the  copper  beariug  Lower  Kcuper  sandstones  of  Alderley 
^^dgc,  Cheshire,  carbonate  of  lead  and  some  other  oxitlized  ores  of 
^Aat  metal,  such  as  vanadinite  and  pyromorphite,  are  found,  and 
^Here,  as  at  Commern,  they  are  sandstones  to  a  large  extent  made 
^Hp  of  crystalline  grains  of  quartz.' 

^B^  The  presence  at  Com  mem  of  nodules  of  clay  ironstone  in 
'  some  of  the  upper  beds,  together  with  the  fact  that  the  grains  of 
sandstone  of  the  lead-bearing  horizou  are  frequently  covered  by  a 
crystalline  deposit  of  quartz,  which  has  converted  them  into  more 
^Hr  less  perfect  crystals,  indicates  extensive  chemical  action,  in 
P^rhich    water  has  performed  an  important  part.      Such  deposits 

For  description  of  varioas  crystalline  sandstones  see  paper  by  the  author.  Quart. 
i*r.  Otol.  Sec.,  Tol.  ixxrii.  1881  p.  8. 
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can,  therefore,  only  be  regarded  as  segregations  collected  and 
trani>ported  by  aqueous  agencies,  either  from  the  rock  itself,  or 
from  rocks  in  its  more  or  less  immediate  neighbourhood. 


VXSTRATIHED  DEPOSITS. 

With  the  exception  of  certain  ores  of  iron  and  manganese  a  large 
proportion  of  the  metalliferous  minerals  is  obtained  from  deposits 
belonging  to  this  class.  Foumet  has  remarked  with  regard  to 
mineral  veins,  that  metals  having  become  of  the  first  necessity  to 
man  he  would  naturally  attach  great  importance  to  metalliferous 
minerals ;  and  that  it  is  to  the  study  of  their  various  modes  of 
occurrenc-e,  and  of  their  relations  to  phenomena  affecting  the 
ailjacent  ojuntry,  that  the  science  of  gC'-logy  owes  its  birth. 
Mineral  veins  are  exceedingly  variable  in  character,  and  sometimes 
exhibit  appearances  of  a  very  perplexing  and  complicated  nature. 
Unstratitied  metalliferous  dep>3sits  are  generally  de.«cribed  as  being 
either  regular  or  irregular,  but  there  is  si:ch  a  gradual  passage  from 
one  of  the.%  forms  to  the  other,  that  it  is  not  always  easy  to  deter- 
mine to  which  category  a  deposit  exa:?tly  belongs,  and  the  advantage 
of  such  a  classitioaiion  is  therefore,  perhaps,  somewhat  doubtful. 
The  i'fffular  unstratifietJ  metalliferous  deposits  comprehend  true 
ftins,  st:tfi'''gnfol  lyin^  and  yas.h  vtitis;  while  the  others,  namely, 
imprtgn/ition.^,  iOxhicork-i,  J'ahlba.ids,  rvntud  and  >-h'.iinhtr  dtposits, 
are  sp<.»ken  of  as  imiinlnr. 

Veins  are  aggregations  of  mineral  matter,  ditfering  in  character 
from  the  enclosing  rocks,  in  fissures  fonued  in  th':>se  rocks  sub- 
sequentlv  to  their  cons«>liilatii.>n.  AH  vviiis  arc-  n<.'t  metalliferous, 
but  even  when  they  do  ui;>t  contain  an  ore  of  one  <ir  more  of  the 
useful  metals  they  are  often  c:illed  /.>/•<.  Since  veins  have  been 
deposited  in  fissures  in  rocks,  they  must  necessarily  be  m.>re  or  less 
completely  tabular  in  tV>rm ;  but  they  not  only  divide  or  thin  out 
towards  their  ends,  but  also  exhibit  thn-ugh  their  whole  extent 
consid>.-rable  irregularities,  resultiuir  from  une^iual  breadth  as  well  ns 
from  deviations  from  their  usual  strike  and  dip. 

The  r"ck  in  which  a  vein  is  e:i>.i- -s^-vl  is  called  the  country  or 
ro>')if,y  r-^k:  Those  jxirtions  «-f  tl.e  country  in  contact  with  the 
vein  are  known  as  its  >r<i.(i.*  or  ••,v.( .-.■-<,  ani  when  the  vein  is  not 
vertical  that  which  is  above  it  is  its  A'»;i7r!./  iral'.  while  that 
Ixrlow  it  is  its  /fiC't  irall.  The  horizontal  direction  •■'1*  a  vein  is 
called  its  -itriW  or  «>«»■«•,  while  its  inclination  with  the  horizon 
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is  its  dip.  In  some  of  the  mining  districts  of  England  the 
inclination  of  a  vein  is  measured  by  its  uyulcrlic,  or  angle  of 
vai'iation  from  the  perpt-ndicular. 

A  layer  or  sheet  of  argillaceous  material  often  extends  along  the 

walls  of  a  hxle,  between  tho  vein  itself  and  the  enclosing  country 

ii)ck.    This,  •which  mainly  consist  of  an  iinctuoiis  clay,  is  called  it,s 

fflragtotfivMn,  and  is  soinetimeaslickeiisided  or  scored  with  curved^ 

crooked,  and  unconfoniuible  strias. 

Bands  of  compact  siliceous  rock  often  occur  in  the  immediate 

vicinity  of  the  fissures  enclosing  mineral  veins,  and  more  frequently 

accompany  tin  ores  than  ores  of  cupper.     This  hard  quartzose 

niateriul  occasionally  contains  a  sufficient  amount  of  tin  to  repay 

the  expenses  of  working,  and  when  this  is  the  case  it  is  generally 

regarded  as  forming  part  of  the  lode.     When,  on  the  contrary,  it 

contains  no  tin  ore,  or  not  a  sufficient  amount  to  pay,  it  is  called 

fftjrt^l   by    Ournish     miners,    and    is    regarded    as    a    portion    of 

tbo  country  rock.     It   is    therefore  often   difficult  to   define  the 

diff(?rence    between  an  ordinary  tin   veinstone   and    a   tin  capel. 

Microscopical  examination  of  thin  sections  of  capela  shows  that  they 

*re  often  mainly  composed  uf  a  quartzose  base,  throughout  which 

"^stals    of    tourmaline    are    thickly    disseminated.     Sometimes, 

Had  particularly    when    they  occur  in   cl.ny  slates,  capels   consist 

J»Tincipally  of  a  mi.xture  of  quartz  and  chlorite.     In  other  a\ses, 

V»«)th    tourmaline   and  chlorite  are   present    in  tho    same   capel, 

t.ogcther   witli   innumerable  microscopic  fragmenta  of  almost  un- 

Ultered  country  rock.     There  can  be  but  little  doubt  that  in  the 

majority  of  c^tsus  the  "  capels "   of  the    miner  are    the   result  of 

*  raetmorpliism  of  the  country,  ])roducL'd  by  the  agency  of 

s  .   from  which  the  materials  forming    the  lode  itself  were 

deposited.     The   replacement  of   crystalline   and   other  rocks  by 

qu;trt.Z(:>se   psoudojiK.irphs   has  been   observed  in   connection   with 

nicUlIifenius  veins  in  various  parts  of  tlic  world. 

A  crofS-courM  or  cross-vein  is  a  vein  intersecting  another  of 
greater  geological  age,  which  it  fre<[uently  displaces  from  its 
".rigiiial  cour.'^e.  Cross  courses  are  sometimes,  but  not  always, 
metalliferous ;  while,  in  many  cases,  they  are  composed  either  of 
quartz  or  of  flucan.  Cross-courses  are  often  fissures  filled  with 
matter  introduced  by  purely  mechanical  means,  such  as  fragments 
of  the  wall-rock  from  above,  or  dubris  produced  by  the  friction  of 
tlieir  sides  one  against  another.  This  sliding  motion  of  one  side  of 
a  f;iult  over  the  other  causes  a  violent  trituration  of  the  walls,  ami 
gives  ri«?  to  friction  surfaces  which  exhibit  sm<.oth  and  soraetiraea 
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even  polisher]  faces,  on  which  there  are  frequently  parallel 
scratchen  or  furrows  IndicatiDg  the  direction  in  which  the 
motion  has  taken  place.  The  rubbing  together  of  the  surfaces 
of  such  rli-^lfjcatkona  produces  a  fine  powder,  which,  with 
water,  ultimately  becomes  transformed  into  a  soft  clay  or  flucan  ; 
the  origin  of  nekages  as  well  as  of  many  cross-courses  may  be  often 
thus  explained.  The  horizontal  dislocation  of  a  lode  is  called  a 
heave,  while  a  vertical  displacement  is  known  as  a  slide  or  leap.  The 
outcrop  of  a  vein  is  that  portion  of  it  which  appears  at  the  surface. 

Veins  are  exceedingly  variable  in  thickness,  some  having  a  width 
of  many  fathoms,  while  others  are  rejvcsented  by  the  filling  of  the 
most  minute  crack.  The  longitudinal  extent  of  veins,  like  their 
thickness,  is  very  variable ;  but  as  a  rule,  the  widest  are  the  most 
persistent  both  in  length  and  in  depth.  Some  metalliferous  veins 
have  been  traced  for  a  distance  of  several  miles. 

a.  True  Veins. — A  true  vein  or  lode  may  be  defined  as  a  fis- 
sure of  indefinite  length  and  depth,  filled  with  mineral  substances, 
and  often  containing  metalliferous  ores,  traversing  the  enclosing 
rocks  independently  of  their  structure,  and  which  is  not  parallel 
to  their  foliation  or  stratification.  Veins  of  this  class  are  generally 
admitted  to  have  originated  in  fisstires  or  dislocations  caused  by 
extensive  movements  of  the  earth's  crust,  and  are  therefore  believed 
to  extend  indefinitely  in  depth.  The  two  walls  of  a  vein  do  not 
always  coincide ;  so  that  the  vein  fissure  is  frequently  at  the  same 
time  a  fault. 

Fig.  7  is  an  ideal  transverse  section  of  a  true  or  fissure  vein 
pursuing  its  course  across  the  planes  of  bedding,  although  cutting 
through  thcni  at  a  very  acute  angle.  A  true  vein  may  at  some 
part  of  its  course  coincide  with  the  dip  of  the  strata,  or  it  may  even 
send  out  spurs  or  branches  following  the  lines  of  dip  or  cleavage,  as 
shown  in  the  figure. 

The  walls  of  metalliferous  veins  arc  seldom  parallel  to  one 
another  for  any  considerable  distance,  and  their  width  consequently 
varies  in  different  parts.  This  will  be  understood  when  it  is 
remomlHjrcd  that  the  original  fissure,  which  often  passes  through 
rocks  of  different  degrees  of  hardness,  never  follows  an  absolute 
plane,  and  consequently  that  any  movement  of  one  of  its  sides  must 
necessarily  result  in  an  opening  of  unequal  widths.  This  will  be 
clearly  seen  on  referring  to  the  annexed  illustrations,  in  which 
Fig.  8,  represents  a  line  of  fracture,  a  b,  traversing  the  country  rock, 
horizontally.  In  Fig.  9,  a  6  is  the  same  fissure,  and  if  we  were  now 
to  divide  the  paper  ^  'nto  two  parts  along  this  line. 
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sad  to  slide  the  lower  portion  from  a  to  a',  its  upper  and  lower 
edges  would  meet  at  the  points  o,  leaving  an  irregular  opening  at 
e  and  lentirular  spaces  at  d.  If  instead  of  sliding  the  lower 
portion  of  the  divided  paper  to  the  right  hand,  we  move  it 
towards  the    left,  as  in  Fig.  10,  for  about  the  .same  distance  it 


Fio.  7.— Trne  vein,  n.  teading  out  a  bruoh,  i,  correnpoDding  with  bedillng. 

was  previously  moved  to  the  right,  we  obtain  two  lenticular 
spaces  c,  and  an  irregular  opening  d.  The  foregoing  examples 
serve  to  show  to  what  slight  circumsUinces  considerable  varia- 
tions in  the  character  of  an  opening  between  the  uneven  surfaces 
of  a  fissure  may  be  due,  and  explain  one  of  the  mo&t  frequent 
caases  of  the  inequality  observed  in  the  width  of  uitueral  veins. 


FlL..     I'', 

Opvning  «t  flHure* ;  after  De  la  Beclm. 


The  elevation  or  depression  of  one  of  the  sides  of  a  more  or  less 
undulating  fissure  will  necessarily  give  rise  to  similar  results,  and  by 
this  means  irregularities  in  width  will  be  produced  similar  to  those 
ctaaed  by  horizontal  movements  of  the  country  rock.     In  order 
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better  to  understand  tbis,  vre  may  regai'd  the  foregoing  dia*9 
grams  a.s  representing  a  fissure  in  transverse  instead  of  in  boriaontal^ 
section. 

Modes  of  Occurrence. — Among  all  the  various  forms  in  which 
metalliferous  deposits  are  known  to  oecur,  true  veins  may  be 
regarded  as  among  the  most  important,  since  they  are  not  only 
the  usual  source  of  many  of  the  more  valuable  metals,  but  tlit'v 
also,  from  their  persistency  and  comparative  regularity,  afford 
■oope   for  systematic  and  continuous  workings. 

As  a  general  rule,  lodes  are  associated  in  clusters  approximately 
parallel  to  one  another,  thus  forming  groups,  which  sometimes 
traverse  the  same  district  in  different  directions.  An  examination 
of  the  intersection  or  displacement  of  different  veins  at  the  point* 
where  they  are  divided  either  by  cross-veins  or  by  one  another, 
shows  that  some  of  them  are  older  than  others;  and  thus,  by 
observing  which  of  them,  respectively,  cross  others,  or  are  crossed 
by  others,  their  reliitive  ages  may  be  determined.  In  this  way 
Mr.  Came  was  enabled,  many  years  ago,  to  divide  the  veins  of 
Cornwall  into  eight  distinct  groups  according  to  their  relative  ages. 
Tlie  most  manifest  division,  however,  of  Cornish  veins  is  into  those 
running  coat  and  west,  usually  yieldiog  tin  and  copper  ores, 
■nd  lodoH  of  which  the  direction  is  nearly  north  and  south, 
commonly  producing  ores  of  lead. 

Metalliferous  veins  are  of  more  frequent  occurrence  in  the  older 
rocks  than  in  the  more  recent,  and  the  ores  of  certain  metals 
are  tcj  a  large  extent  confinetl  to  particular  groups  of  rook.  I4)des 
•re  most  frequently  found  in  districts  where  sedimentary  beds  have 
bMQ  |)onetrated  by  porphyries  and  uther  igneous  rocks,  and  they  are 
OollMqiiently  mure  ahuiHlaut  in  mountainous  countries  than  in 
piainH.  Igneiiua  rocks  thus  penetrating  sedimentary  beds  are,  M 
MH  well  iiH  the  beds  themselves,  frequently  traversed  by  ore-bearing 
Vein*.  Loili'K  nrv  ulsn  nftren  more  productive  in  the  vicinity  of  the 
juoctiiin  of  <li«Himilar  rocks  than  elsewhere.  This  is  particularly 
oliiM.'rvod  ill  (.'oruwall,  where  veins  of  tinstone  and  copper  ore 
occur  Iwlh  in  granite  and  killxii  or  clay  slate,  but  they  are  seldom 
fmiTid  to  lie  proiliH-live  at  any  considerable  distance  from  the 
juiH'tion  of  the  two  rocks. 

Tlie  ilip  of  metalliferous  veins  usually  approaches  more  nearly  to 
tlio  vertical  tlmn  to  the  horizontal.     In  the  north  of  England  their 
iarliriiittoa  from  tlio  vertical  rarely  amounts  to  more  than  10°,  while  _ 
ahlnmgh  averngtng  more  than  this  in  the  mining  districts  of  Com-  ■ 
Willi,  their  mean  inclination  may  be  taken  at  about  20°  from  the 
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vertical  or  70°  from  the  horizontal.  The  same  lodes,  within  short 
distances,  often  vary  considerably  in  direction,  width,  and  dip,  and 
they  frequently  split  or  divide  into  hraiulies  both  in  length  and 
iu  depth ;  these  branches  may  or  may  not  again  unite.  If  as  in 
Fig.  1 1 ,  a  lotle  a,  encloses  a  mass  of  the  country  rock,  the  included 
fragment  b  is  called  a  horse  or  rider. 

The  dip  of  a  lode  is  not  always  continuously  in  the  same 
direction  throughout  its  downward  course,  but,  on  the  contrary, 
it  sometimes  becomes  gradually  vertical,  and  finally  turns  over, 
assuming  an  inclination  in  a  direction  exactly  contrary  to  that  with 
whicli  it  originally  started  from  the  surface.  Numerous  examples 
of  veins  varying  greatly  in  their  dip,  were  afforded  by  the  Fowey 


Km,  11.— Hiirwf,  or  riJer. 

Consols  Mines,  Cornwall,  where  some  of  the  lodes  divided,  iu 
depth,  into  two  parts,  apparently  without  again  coming  together, 
while  few  of  the  intersections,  or  junctions  of  one  lode  with 
another,  were  attended  by  any  displacement  of  either  of  tLetn. 

InUrseciujns  and  Faults. — It  sometimes  happens  that  veins 
meet  one  another  without  intersection  or  displacenit  iit ;  in  such 
cases  it  is  often  assumed  that  the  fissures  tire  of  the  same  age. 
and  that  they  were  contemporaneously  filled  with  veinstone  and 
ore.  When  veins  meet  at  a  very  acute  angle,  they  occasionally  run 
parallel  to  one  another  for  a  considerable  distance  and  subsc<]uently 
diverge,   as  seen  in  Fig.  12,     In  other  instances,  nfter   running 
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parallel  to  one  another  for  a  (greater  or  less  distance,  tbey 
ultimately  cross,  the  newer  vein  passing  through  the  older  one  as 
shown  in  Fig.  13,  \VTien  a  vein  is  intersected  hy  a  fissure,  or  by 
another  vein  of  more  recent  age  than  itself,  a  fault  or  displacement 
ifl  ofUin  the  result,  in  which  case  the  plane  of  the  older  vein  on 
one  side  of  the  line  of  fault  no  longer  coincides  with  its  extension 
on  the  ulher  side  as  shown  in  Fig.  14,  in  which  a  represents 
the  dislocated  vein  and  c  the  fissure  or  vein  by  which  it  has 
been  intersected. 


Tio.  13.— OlTercint  v«(m. 

It  frequently  happens  that  a  vein  fissure  is  itself  a  fault,  and  in 
such  cases  the  difference  of  level  which  occurs  between  similar 
strata  on  its  opposite  sides,  is  often  called  the  throw  of  the 
vein. 

All  faults  have  been  produced  by  a  sliding  of  the  country  rock 
on  one,  or  on  both,  sides  of  the  fissure  along  which  the  movement 
has  taken  place.  This  may  often  be  explained  by  a  slipping  down 
of  its  hanging  wall  n\H>n  its  foot  wall  in  the  direction  of  its  dip ; 
sometimes,  however,  the  country  on  the  hanging  wall  side  may 


Fill.  13  — Veins  oroulng  wiLbout  dlipUcement. 


either  have  been  forced  upwards,  or  tlie  two  walls  may  have 
experienced  unequal  or  contrary  movements.  In  other  cases  the 
walls  may  have  also  experienced  horizontal  displacement. 

The  extent  of  the  horizontal  displacement  of  a  lode  by  the 
sinking  or  rising  of  the  country  on  one  side  of  a  fault,  depends 
not  only  on  the  amount  of  ilislocation  it  has  experienced,  but 
also  on  the  angle  which  the  direction  of  motion  makes  with  the 
plane  of  the  vein  intersected.  Wlien  this  angle  equals  zero  the 
effects,  horizontally,  nf  the  fault  will  be  imperceptible,  and  can 


fAUT  I.] 


TRUE  VEINS. 


37 


only  be  recognized  by  similar   portions  of  the  intersected  vein 
being  found  at  different  altitudes. 

Complicated  cases  of  faulting  can  only  be  understood  after  the 
position  of  the  planes  of  the  dislocated  lodes  has  been  exactly 
determined,  and  it  has  also  been  ascertained  along  which  of  the 
various  fissures  displacement  has  taken  place,  as  well  aa  the 
direction  of  the  several  movements.^ 


Fiu.  II.— Tela  diapbiced  by  a  omss-courM-. 

The  parallel  lodes  a  b,  Fig.  15,  seen  in  horizontal  section  are 
apparently  heaved  in  contrary  directions  by  the  more  rfcent 
vein  e.  This  will  be  understood  when  it  is  remembered  that  the 
two  lodes  dip  towards  one  another,  and  that  any  elevation  of  the 
country  on  the  upper  side  A,  of  the  cross-vein  e,  or  any  depression 
of  the  rooks  on  the  lower  side  B,  would  produce  the  efl'fct  observed. 
It  is  further  obvious  that,  in  the  case  of  lodes  dipping  in  contrary 


Flu.  1.^. — Tetsi,  dipping  towards  ont:  asother,  diRptaced  by  a  croti-coDTkc. 


directionfl,  the  results  of  an  elevation  or  depression  of  tlie  country 
on  either  side  of  the  fault  will  be  very  diflerent  to  those 
produced  by  similar  movements  on  lodes  dipping  towards  one 
another. 

When  a  country  is  traversed  by  fissures,  crossing  and  dip- 
ping in  different  directions,  great  care  is  often  required  in  order 
to  understand  the  relative   positions   of  the   several   parts  after 

'  Those  gpeciftlly  intereated  in  thU  subject shoulil  consult  S  C.  L.  Schmiilt,  "  Tliaorio 
tier  Vfrschicbungen  «lt*?reT  Gringo,"  Frankfurt,  1810.  C.  Zimmerman,  "Die  Wieder- 
auiriclitung  verworfcner  Ganpf ,  l^ger,  timl  Flotxc,"  Dannstadt,  1828.  1<.  v.  C'aiunll, 
KanUn't  Archiv.  Tol.  ix.  1832,  p.  3.  C.  Coniben,  "Traile  de  rKxjiloitiition  dcs 
Mines,"  P«ri«,  1844. 
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)umtig  been  disturbed  by  faults,  and  when  the  sorface  has  been 
subsequently  ground  down  by  erosion  to  an  approximately  commoim 
level.  As  an  illustration  let  us  suppose  Fig.  16,  after  De  la  Beche,  to 
represent  such  a  case,  a  h  being  the  present  level  of  the  country^ 
and  ^,  ^,  6*  b^,  and  6^  refvesenting  so  many  different  veins. 
Let  this  country  be  dislocated  along  the  plane  of  the  section  so 
that  a'  V  on  the  side  B  is  lifted  vertically  above  a  6  on  the 
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¥ui.  16.— EITecte  of  a  Cult  on  reins  witli  different  dipit ;  section. 

side  A,  or,  what  amounts  to  the  same  thing,  the  side  A  has 
sunk  the  same  distance  below  the  level  of  a'  V.  It  will  be  seen 
that  although  the  amount  of  vertical  elevation  has  been  common 
to  all  of  the  lodes,  they  now  occupy  on  the  surface  a  h,  very 
different  positions  and  distances  from  one  another  than  they  did 
originally,  according  to  the  various  dips  intersected  by  the  line  of 
surface.    This  becomes  still  more  evident  on  referring  to  the  plan, 
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Km.  17.— EITectM  of  a  tuilt  on  veins  with  different  dips .-  i>lan. 


Fig.  17,  supposed  to  be  taken  at  aft  after  the  country  on  the  side 
B  had  been  removed  by  denudation  to  the  same  level.  The 
letters  and  figures  of  reference  correspond  in  plan  and  section, 
and  it  will  be  found  on  comparing  the  two  that  the  veins  h^,  b*, 
and  b^  are  shifted  to  the  right,  on  the  side  of  the  dislocation 
marked  B,  while  I*  and  b*  are  moved  to  the  left ;  the  branch  Ifi  on 
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the  other  hand,  which  does  not  reach  the  surface  on  the  side  A, 
appears  on  Uie  side  B  at  the  level  a  h. 

It  has  been  akeady  stated  that  the  relative  ages  oi  veins  and 
litems  of  veins  in  districts  where  they  cross  one  another,  may 
be  ascertained  by  observing  which  of  them  intersect  others,  or  are 
Iseverally  intersected  by  otliers  ;  and  that  the  intersection  of  a  vein 
bj  another  of  more  recent  date  is  often  attended  by  a  displacement 
or  boave  of  the  former.  In  comparatively  rare  cases,  however,  the 
more  recent  vein  appears  to  have  been  displaced  by  the  older  one, 
altliOtigh  this  is  not  in  reality  the  case. 

The  more  recent  vein  a  in  Fig.  18  would  appear  to  have  been 

displaced  by  the  older  one  b,  which  it  finally  intersects.     The  tnie 

esplanation  of  this  phenomenon  is,  however,  that  the  fissure  of  the 

vein  a,  following  the  lines  of  least  resistance,  has  taken  its  course 

for  some  distance  along  one  of  the  walls  of  the  older  vein  b,  and  has 

then  crossed  it,  without  causing  any  horizontal  displacement. 


FlO.    IK. 
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V«lni  >p|>aKntl7  dliiplaceil  bj  older  oom. 


Instead  of  forming  an  angle  and  following  one  of  the  walls  of 
an  older  vein,  the  newer  one  occasionally,  although  still  more 
exceptionally,  enters  the  older  vein  by  a  fissure  not  extending 
[directly  across  it,  but  a^mmunicating  with  longitudinal  cracks 
llong  the  axis  of  the  vein  itaelf,  which  subsequently  unite  with  a 
ire  traversing  the  country  on  the  opposite  side.  Fig.  19 
spresents  a  case  of  this  kind,  where  the  more  recent  vein  a, 
enclosed  in  the  older  one,  follows  for  a  short  distance  the  course 
the  vein  h,  by  which  it  would  at  first  sight  appear  to  have  been 
lisplaced. 

When  a  lode  is  divided  by  a  fissure  resulting  in  a  slide  or  leap. 
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the  movement  of  the  hanging  wall  is  generally  downwarAs  alor 
its  foot  wall.  Fig.  20  is  a  case  of  this  kind,  where  the  dip  of  the 
fault  and  tl>at  of  the  vein  are  in  contrarv  directions.  In  Fig.  2] 
the  dip  of  the  vein  and  that  of  the  fault  are  seen  to  be  in  the 
same  direction. 

Mineral  veins  like  beds,  are  occasionally  affected  by  reversed 
fault.'} ;  two  examples  of  these  are  represented  by  Figs.  22  and  23. 
In  the  first  it  will  be  observed  that  there  Is  a  space,  in  the  direction 
of  the  movement,  between  the  two  portions  of  the  divided  lode, 
which  if  projected  on  a  horizontal  plane  would  represent  a  sterile 
space  of  which  the  width  will  vary  with  the  extent  of  the  dis- 
placement. 

In  Fig.  23  the  vein  has,  on  the  contrary,  baen  forced  upws 


Fio.  20 


Fio.  21 
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in  such  a  way  as  to  overlap  itself,  and  a  projection  of  the  raised 
extremity  upon  a  horizontal  plane  would  show  two  superimposed 
lodes  over  a  space,  the  width  of  which  will  depend  on  the  amount 
of  di&lix'ation. 

"When  the  throw  has  been  produced  by  a  fissure,  of  which  the 
position  is  exactly  vertical,  Lhe  direction  in  which  the  movement 
has  taken  place  can  only  be  determined  after  a  careful  study  of  the 
sequence  of  the  rocks  on  both  the  hanging  and  foot-walla  of  the 
lode,  and  tlieir  correlation  with  the  same  rocks  where  visible  in 
untiisturbed  ground. 

When  a  vein  fissure  becomes  somewhat  abruptly  contracted  so 
as  to  be  represented  by  a  mere  crack  in  the  country,  the  lode  is 
said  to  be  nipped.    Brandies  which  leave  a  main  lode  and  fall 


T«.T  1.] 


TRUE  VEIN'S. 


41 


^wayinto  the  country  rock  are  callod  droppers,  while  those  which, 

I      oa  the  contraiy,  fall  into  the  loiie  from  the  surrounding  rock  are 

}      known  as  /cccUrs.      The  character  and  direction  of  these  offsets 

from  a  vein  are  cai-efuUy  watched  by  the  practical  miner,  who, 

from  their  general  appearance  and  position,  often  forma  his  opinion 

with  reganl  to  the  portions  likely  to  yield  the  largest  amounts 

of  ore. 

Structure  of  Keins  and  Compodiion  of  Veinstones. — Speaking 
gen©rallyt  the  larger  proportion  of  every  vein  fissure  is  occupied  by 
jB»f7«t'  or  veinstone ;  these  being  the  terms  applied  to  the  non- 
rne'talliferous  portions  which  almost  invariably  accompany  ores  of 
the  valuable  metals  in  a  vein  or  lode. 

The  most  constantly  occurring  substance  in  veinstones  is  quartz. 

which  is  probably  to  some  extent  present  in  all  mineral  veins. 

This  quartz  is  usually  either  crystalline  or  crypto-crystalline  and 

contains  numerous  fluid  cavities  ;  it  is  sometimes  also  concretionary. 

B^iautiful  specimens  of  crystallized  quartz  are  obtained  from  the 

druses,    or    vughs,    which    are   frequently     met   with    in    veins. 

-^fter  quartz,  carbonate  of  lime  is  the  mineral  which  most  frequently 

fortns  one  of  the  constituents  of  veinstones ;  it  is  commonly  crysUd- 

line,  and  often  passes  into  brown  spar  or  dolomite.     Fluor  spar 

^titl  heavy  spar  are  also  minerals  which  frequently  occur  in  vein- 

*^^nes.     In  many  cases  these,  either  singly  or  together,  constitute 

*or  considerable  spaces  the  entire  filling  of  vein  fissures  without 

^»iy  admixture  of  metalliferous  ores. 

If  thin  sections  of  veinstone  be  examined  under  the  microscope 
"Vfith  polarized  light,  they  will  be  found  to  consist  largely  of  crystals 
«r  crystalline  grains ;  but.  to  tlt«  unassisted  eye,  they  sometimes 
appear  to  be  compact,  or  only  sligiitly  granular.  Through  this 
amorphous  or  granular  ground-mass  metalliferous  ores  are  dis- 
seminated in  patches,  laminae,  or  crystjils ;  and  when  crystallized 
forms  prevail,  the  mechanical  constitution  of  the  veinstone  is 
analogous  to  that  which  among  rocks  is  known  as  a  porphyritic 
structure. 

Many  lodes  enclose  fragments  of  the  surrounding  country  rock ; 
these,  which  are  sometimes  angular  and  at  others  rounded,  are 
cemented  together  either  by  ordinary  veinstone  or  by  metalliferous 
ores.  The  latter  was  the  case  at  Relistian,  in  Cornwall,  where 
rounded  pebbles  of  a  dark-green  chloritic  schist  were  found 
cemented  into  a  conglomerate  by  a  mixture  of  oxide  of  tin, 
chalcopyrite.  and  quartz. 

It  will  be  remembered  that  when  a  fragment  of  the  country,  of 


such  large  cmnensions  as  to  divide  a  lode  imo  two  braueUt^ 
occurs,  and  these  brandies  subsequently  unite  upon  all  rides.  t\3^ 
jncluiled  rock  is  called  a  horse.  Pieces  of  country  rock  in  ff^^. 
ments  too  small  to  be  distinguishable  by  the  unassisted  eve 
are  also  frequently  enclosed  in  siliceous  veinstones.  Fig.  24  r^.* 
presents  a  section  of  a  veinstone  of  this  class  fram  a  lode  at  Hviel- 
goet,  Finistfere,  France,  seen  under  the  microscope.  It  will  |j^ 
observed  that  the  various  disunited  fragments  of  include<l  sla,^.. 
TiHik  appear  to  have  separated  from  one  another  very  gradually 
and  the  e.Kact  way  in  which  they  iurmerly  fitted  together  ig 
still  readily  traced.  In  this  instance  the  fragments  of  sla^^ 
are  quite  unaltered,  and  their  outlines  sharply  defined.  This, 
however,  is  not  always   the  case,  since  in  other  specimens  tk  le 


^  .as 

Fid.  21.— Veliintonr,  Hiirlgmt. 


enclosed  fragments  of  country  are  often  to  a  large  extent  replaoetl 
by  silica,  leaving  only  a  shadowy  image  of  their  original  forms. 

The  substituti'in,  in  rocks,  of  silica  for  other  minerals  is  not 
unlike  tlie  replacement  of  woody  tibrc  by  the  same  substance  in 
ordinary  ailicified  woods,  excepting  that  in  the  latter  the  silica  is 
alway.s  more  or  less  hydnited.  Examples  of  this  kind  of  siliciii- 
cation  are  often  observable  as  capcis  where  the  walls  of  a  vein 
have  been  subjected  to  silicifying  action.  When  a  mineral 
vein  occurs  in  crystalline  rocks,  such  fts  porphvry,  thin  sections 
not  unfrequontly  show  tliat  jM^rtions  of  the  country,  now  forming 
part  of  the  veinstone,  although  to  a  large  extent  siiicified,  still 
exhibit  traces  of  forms  which  were  originally  felspar  crystals. 
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In  hrecoiated  lodes,  as  veins  mado  up  of  broken  materials  are 
called,  the   included  fragments,  instead  of  baving  originally  been 

tses  of  the  country  r<;K:k,   are   in   some  instances  jxirtions  of  a 
nously  existing  metalliferous  vein,  which  has  been  disrupted 
the  re-opening  of  the  vein  fissure,  and  its  contents  reduced  to  a 
jmentary  state  by  the  subsequent  grinding  ttigether  of  its  walls. 
In  many  cases  a  vein  encloses  at  the  same  time  pieces  of  the 
country  rock   and  of  veinstone  belonging  to  an  older  lode ;  this 
ia  shown  in  Fig.  25,  which  represents  a  fi-agment  from  a  qnartzose 
copper  lode  at  the  Knock mahon  Mines,  Ireland. 


W     Pio.  24.— KruKiDcni  of  IibIc,  Kri'Kkiinboii. 
Itrluid :  tuitunJ  tile. 

«,  (NdtT  Tatnstniie  irith  cMcopyrite ;  b,  roontry 


Flo.  M.— Pnt^onent  nt  I.xii-,  l). 
Mtae,  Clan>Ui4l ;  ttUt  t.  i  . 
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In  place  of  consisting  simply  of  embedded 

Einstone  or  of  country  rock,  the  inclusions  in  \ 
vered  by  regular  deposit*  of  other  minerals, 
Iphides  or  other  ores  have  been  thus  deposited,  they  are  known 
ring  ores  or  cockade  ores. 

Fig.  26  represents  an  example  of  the  last-named  formation  from 
the  Berginannstrost  Mine,  Oausthal. 

When  the  ores  deytosited  around  fragments  of  tocladed  rock 
bare  a   nulial  crystaUioi  ",    they  are   sometime*  called 

tlilic  ores. 
At  TTuctl  tni  is  in  pari  com  posed  of  what 
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would  at  first  appear  to  be  a  conglomerate,  consisting  of  quartz 
pebbles  cemented  together  by  blemle,  pjTites,  quartz,  and  gaieoi^— 
On  breaking  these  "  pebbles  "  they  arc  all  found  to  consist  of^| 
central  nucleus  of  slaty  country  rock,  surrounded  by  an  envelope 
of  sliglitjy  chalcedouie  quartz,  and  only  iu  outward  appearance 
differing  from  an  ordinary  quartz  pebble  in  being  somewhat^ 
less  smooth.  ^H 

Fig.  27   represents  one  of  these  pebbles  which  has  been  cu^" 
through  and  polished  by  the  lapidary,  and  which,  in  addition  to  a 
nucleus  of  dark  slate,  shows  evidence,  at  a,  that  it  has  been  broken 
by   the  movement  of  the  enclosing  walls   and  subsequently   re^^ 
cemented  by  a  growth  of  quartz,  ^| 

The  various  minerals  of  which  the  filling  of  a  vein  fissure  Ls 
made  up,  are  frequently  arranged  as  a  succession  of  plates  parallel 
to  its  walls.     These  plates  or  conj/'S  are  aggregations  of  crystalline 


Fio.  27.—  "  Pobblo,"  Hrelgoet  ;  twn-Uilrds  natural  siic, 
ti,  Liue  of  Ovcture, 

minerals,  the  separate  crystals  of  which  are  usually  arranged 
with  their  longer  axes  at  right  angles  to  the  walls  of  the  lode  ; 
while  their  form  is  more  perfectly  developed  at  the  ends  turned 
towards  its  centre  than  at  the  other  extremity.  The  ribbon-like 
structure  of  comhtf  Indes  indicates  long-continued  chemical  action, 
occasionally  interrupted,  but  again  renewed  under  different  con- 
ditions; the  substances  deposited  nn  the  walls  varying  with  the 
nature  of  the  minerals  held  in  solution  at  the  time  the  bauds  were 
severally  formed.  Some  parts  of  a  vein  may  exhibit  a  comby 
stnicture,  while  others  show  no  trace  of  any  particular 
arrange  meut. 

Vein  fissures  frequently  bear  evidence  of  having  again  opened 
after  having  become  filled  with  mineral  ;  the  new  opening 
thus  formed  aflbrding  the  requisite  space  for  a  further  deposition 
of  veinstone.  In  some  cases  the  re-opening  of  the  cavity  appears 
to  have  been  repealed  several  times  in  succession,  the  thickness  of 
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(!ach  cominB?liSaBSg  the  width  or  progressive  widening  of  the 
fisure  during  the  time  its  filling  was  Ix'ing  deposited.  It  not 
unfrequently  happens  that  the  re-opening  of  a  fissure  has  been 
attended  by  a  grinding  together  of  the  walls,  resulting  in  the 
production  of  slickcnsides  and  flucans.  In  some  lodes  the  width 
of  the  fissure  would  appear  either  to  have  gradually  increased  or 
lo  have  remained  unaltered  during  the  whole  period  of  its  being 
filled,  while  successive  deposits  took  place  in  such  a  way  as  to 
prodace  a  series  of  bands  arranged  parallel  to  one  another. 

One  of  the  most  remarkable  examples  of  symmetrical  repetition 
in  a  cumby  lode  is  presented  by  the  Droi  Prinzen  Spat  Vein,  near 
Freiberg,  a  portion  of  which,  is  represented   iu  Fig.   28.      Next 
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rro.  Ji.— 8«otion  of  the  Drel  Prtiueu  8p«t  Teln,  nwir  Frrlberg ;  after  v.  Wel»»enbaeli. 


to  the  walls  on  each  aide  is  a  crystallized  deposit  of  blende  followed 
by  layers  of  quartz,  succeeded  by  others  of  fiuor  spar,  iron  pyrites, 
ud  heavy  spar,  &c,  as  indicated  in  the  figure ;  eAch  comb  on 
le  side  having  one  exactly  corresponding  to  it  on  the  other, 
je  middle  portion  is  occupied  by  crystals  of  calcite  on  either 
^de  of  a  central  cavity,  the  whole  showing  ten  symmetrical 
Bj>etitions  of  six  diflerent  minerals. 

Such  perfect  symmetry  is  not,  however,  common,  and  when  it 
nirs  it  does  not  afford  convincing  evidence  that  uo  re-opening  of 
the  fissure  has  taken  place,  since  one  might  evidently  be  proiluced 

ithout  any  perceptible  displacement  or  grinding  of  the  wnlls. 
[•   The  combs  of  the  same  vein  may  be  symmetrically  aixangec' 
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in  f/ne  portion  of  it«  section,  and  occur  withont  any  degree  of 
KyTMiiHtry  in  another. 

Fig.  20  represents  a  traasTeise  section  of  part  of  a  vein  at 
Had  Haiy  Ann,  near  Liskeard,  ComwaU,  which  famishes  an 
example  of  a  Io<le  in  which  the  layers,  which  are  not  numerous, 
app<E!ar  to  be  arranged  symmetrically.*  Here  there  are,  fint  of 
all,  two  walls  of  killas  or  clay  slate,  and  then,  proceeding  from  the 
walls  inwards,  a  layer  of  chalcedonic  quarts,  a,  locally  called  eab. 
To  this  follows  a  layer  of  vitreous  crystallized  quartz  b,  next 
galena  c,  and  finally  cbalybite  d. 

Fig.  30  is  a  section  of  the  same  rein  at  a  short  distance  fix>m 


<^     i   c    fi    c  I     a 
V\a   W— Hci'tloti  iif  will  at  Hiiel  M»rjr  Ann  ;  after  Le  Neve  Foiter. 

tlio  f<irf'n«ting,  whore  it  has  a  partly  combed  structure  and  partly  a 
lii-i'C(<iiii«>(l  oiu'.  On  the  hanging  wall  the  cab,  a,  is  traversed  by  a 
vein  iif  vitreous  (juartB,  6,  which  crystallizes  out  in  a  large  vugh; 
•  lien  fitllowB  another  band  of  quartz,  c,  while  on  the  foot  wall  there 
in  n  lireeeia.  »/.  composed  of  fragments  of  killas  and  cab  cemented 
t.oj/1'tlu'r  by  gnlena  and  calcite.  In  this  case  the  various  phenomena 
I'oiniceied  with  the  formation  of  the  lode  probably  occurred  in  the 
i'dllnwiiig  s('(juonoe  : — 

Kirpt.ly.  formation  of  the  fissure,  accompanied  by  a  shifting  of 

M'.   l,i>  Novo  Kontor,   "On  (he  I/xte  at  Huel  M«rj- Ann,  Menhuniot,"— TVaMat, 
Wiif/it/  ftVii/.  .Siv,  o/"  Corntcall,  vol.  ix.,  1875,  p.  162. 
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the  strata.  A  successiou  of  empty  spaces  were  left,  and  some 
parts  were  more  or  less  filled  by  fragmeuts  whicii  had  fallen  from 
the  walls.  As  might  be  anticipated,  this  brecfja  chiefly  occurs  on 
the  foot  wall. 

Secondly,  deposition  of  the  cab,  wliicli,  to  a  certain  extent, 
filled  the  fissure  and  cemented  together  the  fragments  from 
the  walls. 

Thirdly,  re-opening  of  the  fissure ;  the  new  line  of  fracture 
sonaetimos  traversing  the  middle  of  the  filling  of  cab,  at  others 
cutting  across  it,  and  ultimately  following  one  of  the  walls  of 
the  original  fissure.      Pieces  of  the  wall  and  of  the  previously- 
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Pio.  so.— flection  of  vein  at  Huel  Mary  Ann  ;  «tlcr   Lo  Novo  Fo«ter. 

formed  cab  then  fell  in,  and  quartz,  galena,  chalybite,  and  calcite 

were  successively  deposited  in  the  open  spaces. 

Fig  31  is  a  section  of  a  lode  iu  granite  at  Cam  Marth,  near 

Redruth,   one-twelfth  natural  size,  afiording  a  good  example  of 

a  fissure  which  has  been  several   times  re-opened.^     It  will  be 

obeerred   that  each  re-opening  hsis  been  attended  by  an  amount 

of  grinding  action  between  the  walls,  sufficient  to  produce  a  clay 

parting  of  considerable  thickness.     This  lode  is  enclosed  in  granite, 

and  the  dots  and  patches  of  black   in  the  figure  represent  spots 

and  bunches  of  copper  ore. 

'  J.  JI.  Coiling,  '*  On  the  Mining  District  of  Cornwall  and  West  Devon." — JnftitiUe 
tf  SftfKanieul  Knitirtefrs,  Pi-oeeedivrit,  1873,  p.  fiH. 
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The  arrangement  of  the  various  minerals  in  tbe  combs  of  | 
vein  is  precisely  that  which  would  result  from  their  crystalUzatifl 
either  from  solution  or  by  sublimation ;  the  successive  layers 
produced  by  deposits  parallel  to  the  walls,  while  the 
have  their  longer  axis  directed  towards  the  centre  of  the  veil 
It  would  therefore  appear  that  the  phenomena  observed  migl 
be  produced  in  at  least  two  different  ways,  but  this  subject  wi| 
be  again  referred  to  when  we  consider  the  various  theories  whic 
have  been  advanced  to  account  for  the  formation  of  mineral  veins.] 
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F:a.  SI.— S«ctioBof  Tiln,  Cirn  Marth, 


Didribuliiin  of  the  (h'ts  in  Lodes. — In  a  vast  majority  of  eases 
tho  more  metallii'uous  parts  of  a  lode,  or  those  whicli  yield  the  ore 
Kought  in  an  apj»roxiuiately  marketable  state,  constitute  but  a 
comparatively  small  proportion  of  the  whole,  and  hut  few  metal- 
liferous veins  are  sufficiently  rich  throughout  their  extent  t<^^ 
pay  for  the  removal  of  the  whole  of  the  veinstone.  A  large  pro^f 
jinilion  nf  the  Inde  is  consequently  left  standing  in  the  mine,  while 
thu  richer  portions  only  are  taken  away  and  brought  to  the  suriace. 
It  is  always  a  matter  of  considerable  uncertainty  whether 
rich    deposits  of  ore   may  or   may  not  occur  in  a    vein,  and 


] 


lifinite  opinion  can  be  formed  on  tLe  subject  until  a  careful 
study  haa  been  made  both  of  the  vein  and  of  the  neighbourhood  in 
'wliich  it  is  situated.  In  regions  in  which  parallel  lodes,  similarly 
Situated,  have  been  extensively  worked,  the  miner  profits  by  the 
experience  thus  acquired,  and  considers  there  is  a  probability  that 
like  conditions  may  produce  similar  results.  When,  therefore, 
sach  lodes  exist  in  any  given  locality  and  the  ]x>sition  and  direc- 
tioti  of  any  coui-ses  of  ore  in  one  or  more  of  them  have  been 
fuscertained,  there  is  a  probability  that  tlie  others  may  contain 
similar  deposits. 

It   would   be   of  great  scientific  int*^rest,   as   well  as  of    the 
utmost  practical   importance,  if  the   causes  of  this  unequal  dis- 
tribution of  ore  could  be  discovered,  and  some  nde  hiid  dowm  for 
detecting  the  position  of  the  richer  portions  of  a  loile.      Unfor- 
tunately, up  to  the  present  time,  no  certAin  method  of  doing  thia 
has   been   found,  and   it   is   only   by  a  careful  study  of  the  dis- 
trict   in    which    a    vein    is    situated     that     anything    like    an 
approxiniation  to  this  knowledge   can   be   acquired.       The  con- 
clusion arrived  at  will  be  much  influenced  by  numerous  almost 
undefiiiable    facts,  and  indications,  which,   although    they  enable 
the  miner  who  is   well    acquainted    with  a   district  to  direct 
his  operations  with    a   considerable   amount   of  acruracy,  would 
probably  lead  him  to  the  commission  of  grave  mistakes  if  applied 
in  a  totally  different  locality.     Miners  with  fixed  ideas,  resulting 
frota    observations  made    in   a    limited    area,   are   consequently 
liable  to  make  serious  mistakes  when  tliey  attempt  to  apply  their 
experience  in  distant  and  totally  new  localities. 

When  a  mass  of  ore  extends  in  a  lode  in  the  direction  of  its 
course,  horizontally,  in  such  a  way  that  a  gallery  or  level  driven 
through  it  for  a  distance  of  many  fathoms  is  continuously  or  almost 
continuously  in  rich  mineral,  and  this  ore  is  again  met  with  in 
levels  above  and  below  it,  the  deposit  is  known  as  a  course  of  ore. 
Saoh  courses  of  ore  are  sometimes  very  extensive,  as,  fur  example, 
in  the  adjoining  mines  of  Huel  Seton  and  Huel  Crofty,  in  Corn- 
wall, where  a  course  of  copper  ore  extended  continuously  over  a 
length  of  225  fathoms,  and  had  an  average  depth  of  about  fifty 
fathoms. 

In  tlie  mining  districts  of  the  West  of  England  when  a  course 
of  ore  is  8p«jken  of  without  specifying  the  metal  that  Is  present, 
the  wonl  co2>pcr  is  often  understood.  Thus  it  is  usual  to  speak  of  a 
course  of  ore,  a  course  of  tin,  a  course  of  lead,  &c.  Large  masses 
of  ore  occurring  iu  the  mines  of  the  new  world  are   sometimes 
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called  honanzoi,  but  this  term   is  chiefly  restricted  to  deposits 
containing  one  of  the  precious  metals. 

When  deposits  of  metalliferous  minerals  assume  the  form  of 
bands  or  columns    more    or  less    steeply  inclined  in  the  plane 
of  a  lode,  they  are  known  as  slioots  of  ore  or  chimneyi  of  on. 
The  shaded  portions  in  Fig.  32  represent  the  mode  of  oocurrenoe 
of  galena  at  the  celebrated  Snailbeach  Mine,  Shropshire,  which 
aflfords  a  good    example  of   an  ore  occurring    in    shoots.    Tbft 
horizontal  extent  of  a  shoot  of  ore  is  for  the  most  part  some^ 
what   limited,  while  its  persistency  in  depth  is  often  TCiy  coa— 
siderable.    As  a  general  rule,  all  the  ore-shoots  in  a  given  ydLik 
dip  in  the  same  direction,  which,  most  commonly,  is  also  that  of 
the  bedding,  or  cleavage,  of  the  rocks  through   which   the  lo(^« 
passes.      The    distinction    between     a    course     of    ore    and      «k 


Fio.  82.— Loiigitudlna)  Motion  of  »  portion  of  tha  Snallbeaeli  Mine,  Sbropahire. 

shoot,  although  usually  sufficiently  definite,  is  nevertheless, 
to  some  extent,  vague,  since,  in  extreme  cases,  the  form  and 
character  of  a  mass  of  ore  may  represent  a  sort  of  passage  from 
the  one  form  to  the  other.  The  term,  course  of  ore,  may,  however, 
be  regarded,  generally,  as  applied  to  tabular  more  or  less  horizontal 
masses  of  ore  of  unusual  extent  and  richness,  while  the  word  shoot, 
which  conveys  the  idea  of  a  workable  deposit,  is  chiefly  used 
as  indicating  the  high  inclination  and  persistency  in  depth  of  the 
ore-bearing  portions  of  a  vein. 

When  a  course  or  shoot  of  a  metalliferous  mineral  has  been 
discovered  in  any  one  of  a  series  of  parallel  lodes  traversing 
the  same  country  rocks,  there  is  a  considerable  probability  that 
somewhat  similar  deposits  may  be  met  with  in  approximately 
corresponding   positions  in  the  otlior  lodes  of  the  group.     Inas- 
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much  as  the  more  valuable  deposits  found  in  a  series  of  parallel 
lodes  are  usually  enclosed  in  the  same  country  rock,  it  follows  that 
these,  as  well  as  the  lodes  themselves,  will    be  approximately 
puallel ;  hence  the  aphorism  of  the  miner,  ore  against  ore. 

This  arrangement  of  the  metalliferous  contents  of  a  series  of 
Teins  will  be  understood  on  referring  to  Fig.  33,  in  which  a,  b,  c, 
are  veins,  and  d  the  country  rock ;  the  deposits  of  ore  being  indicated 
by  lines  of  shading. 

When  the  ore  in  a  lode  occurs  in  detached  patches  it  is  said  to 
be  bunchy,  and  each  separate  patch  is  called  a  Ininch,  Although, 
tccording  to  this  definition,  it  may  be  sometimes  difficult  to  dis- 
tii^ish  between  a  small  course  of  ore  and  a  large  bunch,  the  terms 
are  usually  well  understood  and  are  regarded  as  being  fairly 
definite.  It  has  been  observed  that  in  bunchy  lodes,  the  bunches, 
like  shoots  of  ore,  have  a  tendency  to  arrange  themselves  in 
accordance  with   the  dip,  or  cleavage,  of   the   enclosing   rocks, 


Fio.  33.— On  <lepo«lt(  iu  parallel  loan. 


In  many  cases  the  ores  in  a  lode  occur  neither  in  courses, 
shoots,  nor  bunches,  but  are  disseminated  in  a  crystalline  or 
granular  form  throughout  the  veinstone.  Lodes  in  which  the 
ores  thus  occur  are,  by  Cornish  miners,  known  as  dradge  lodes. 

The  conditions  under  which  deposits  of  ore  occur  in  mineral 
veins  vary  in  different  districts,  and  it  would  be  impossible  to  lay 
down  anything  beyond  very  general  rules  relative  to  this  subject. 
Attention  will,  however,  be  directed  to  these  local  peculiarities 
when  the  various  districts  in  which  they  occur  are  specially 
described. 

It  may,  however,  be  stated,  speaking  generally,  that  those  lodes 
are  most  productive  whose  dips  approach  most  nearly  to  the 
perpendicular,  and  that  the  most  productive  portions  of  lodes  are 
usually  enclosed  between  walls  possessing  a  moderate  degree  of 
hardness.  This  may,  to  some  extent,  be  accounted  for  by 
the  feet  that  accumulations  of  debri-s  from  the  wall  rock  will  less 
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fiieqaently  take  place  in  tlie  fissures  of  nearly  vertical  lodes  than 
in  those  of  which  the  inclination  approximates  more  nearly  to  the 
horizontal  It  will  be  ohvious  also  that  a  larger  number  of  firag- 
ments  will  fall  into  a  vein  fissure  from  a  soft  splintery  hanging 
waU  than  from  a  moderately  hard  and  sound  one. 

Miners  are  aware  that  in  all  metalliferous  districts  lodes  fol- 
lowing certain  known  directions  are  more  frequently  productive 
than  those  which  vary  only  a  few  degrees  from  that  course.  This 
may,  perhaps,  be  accounted  for  on  the  assumption  that  fissures 
formed  during  periods  when  salts  of  various  metals  were  held  in 
solution  by  waters  circulating  through  them,  will  become  charged 
with  ores  of  those  metals.  Fissiires  opened  at  subsequent 
perifxls  will,  in  their  turn,  become  filled  with  ores  of  metals 
resulting  from  the  salts  at .  that  time  circulating  in  solu- 
tion, and  which  differ  from,  and  have  replaced  those  present 
during  the  period  the  first  system  of  vein  fissures  was  being  filled. 
On  the  other  hand,  fissures  may  be  formed  at  an  epoch  during 
which  the  circulating  waters  contained  no  metaUic  salts,  and  ia 
that  case  the  resulting  veins  will  be  non-metalliferous. 

M.  Moissenet,  who  has  studied  the  metalliferous  veins  cki 
diffierent  mining  districts,  and  especially  those  of  Cornwall,  wit^ 
reference  to  the  relations  existing  between  their  productivene^^s 
and  their  direction,  has  endeavoured  to  explain  the  observ^^:^ 
phenomena  in  accordance  with  M.  £lie  de  Beaumont's  theory  of  tf*  ~»< 
S^seau  pentagonal.  The  assumption  of  the  simultaneous  elevatic:^) 
of  parallel  mountain  chains  is  however  not  generally  received  b:»y 
geologists,  and  the  conclusions  arrived  at  by  M.  Moissenet  are  not 
always  in  accordance  with  established  facts. 

Outcrop  of  Lodes. — The  outcrops  and  upper  portions  of  meta/- 
liferous  veins  are  often  found  to  have  undergone  a  series  of  chemical 
changes  by  which  they  have  ultimately  become  transformed,  more 
or  less  completely,  into  siliceous  peroxide  of  iron  and  hydrated  ferric 
oxide.  This  product  of  decomposition  receives  various  names  in 
different  mining  regions.  By  the  Cornish  miner  it  is  called  gossan ; 
in  France  it  is  known  as  chapeau  de  fer,  and  in  Germany  as 
eUemer  Hut.  The  pacos  or  colorados  of  South  America  are 
essentially  similar  productions,  which,  like  all  vein-cappings,  vary 
to  some  extent  in  colour  and  comp>sition. 

The  ferric  oxide  in  these  outcrops  is  most  frequently  derived 
from  the  oxidation  of  metallic  sulphides  containing  a  large  pro- 
portion of  iron,  such  as  ordinary  iron  pyrites,  magnetic  pyrites, 
chalcopyrite,  &c.,  and  being  disseminated  generally  throughout 
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the  mass,  it  imparts  to  it  its  usual  predouiiaating  red  or  bi-owu 
colour.  lu  some  cases  the  ferruginous  L-apping  of  kxles  is 
a  rc-^ult  of  tlie  decomposition  and  peroxidation  either  of  siderite, 
or  of  bitter  spar  containing  iron. 

Gossans  often  extend  tu  a  depth  of  many  fathoms,  but  are 
eldom  found  much  below  the  drainage  level  of  the  district. 
They  sometimes  contain  valuable  metals,  such  as  gold,  silver,  copper, 
and  lead,  which  were  originally  associated  witli  the  minerals  from 
which  the  ferric  oxide  was  derived.  Tlie  gold  is  invariably  found 
in  the  metallic  state  ;  while  the  other  metals  may  occur  in  com- 
bination with  oxygen,  chJonne,  iodine,  bromine,  tic,  or  with 
carbonic,  sulphuric,  or  phosphoric  acids.  Arsenic  is  also  one  of  tlie 
metals  often  present  in  ferruginous  outcrops,  and  native  copper  is 
not  of  unfrequeut  occurrence.  With  increasing  deptli  these  products 
of  decomfiosition  gradually  pass  over  either  into  sulphides,  or  into 
spathic  ores,  &c.  In  the  same  way  the  auriferous  pyrites  occurring 
near  the  outcrop  of  gold  veins  ordinarily  becomes  transformed  into 
pulveiiilent  oxide  of  iron,  from  whicbgold  is  readily  separated  either 
by  washing  or  amalgamation.  From  this  cause  many  auriferous 
quartz  veins  have,  when  worked  near  the  surface,  been  foiind  to 
readily  yield  their  gold,  but  after  the  water-level  has  l>een  reached, 
sulphides  have  made  their  appearance,  and  much  ditiiculty  has 
been  experienced  in  treating  the  auriferous  rock. 

The  presence  of  such  products  of  decomposition  at  the  outcrop, 
lias,  at  all  times  and  in  all  countries,  been  regarded  by  miners 
as  affording  an  indication  that  a  vein  may,  in  depth,  prove 
abundantly  meta.lliferous.  It  must,  nevertheless,  be  borne  in  mind, 
that  the  decomposition  of  common  pyrites,  and  of  various  other 
ferriferous  minerals,  gives  rise  to  the  formation  of  a  gosssm  differ- 
ing from  that  which  results  from  the  oxidation  of  chalcopyrite 
chiefly  in  being  somewiiat  more  compact.  The  occurrence  of 
gossan  may  consequently  be  regarded  as  indicating  the  probable 
presence  of  a  metallic  sulphide,  and  where  one  metallic  sulphide 
is  present  in  large  quantities,  others  will  probably  be  found. 

Wlien  the  ferruginous  capping  of  a  ludc  toiitHi]i.s,  as  is  often 
the  case,  other  metals  in  s^ddition  to  iron,  their  presence  may  be 
regarded  as  adding  considerably  to  the  probability  of  the  occurrence 
of  their  ores  at  a  greater  depth.  The  wall  rocks  on  either  side  of 
gossan  outcrops  are  usually  much  decomposed  and  softened,  by 
the  action  upon  them  of  the  various  solutions  resulting  from 
chemicid  changes  which  have  taken  place  within  the  vein. 

Grouping  and  Segitetice-  of  Minerals  in  Lod(s. — Among  Uve 
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vari<ju»  substiuicus  coriHtituting  the  filling  of  vein  fissures, 
certain  minerals  nrc  more  frequently  associated  with  one 
another,  than  they  are  with  others.  In  this  way  pyrites  and 
chalcopyritc,  hlen<U!  an<l  galena,  wolfram  and  cassitcrite,  heavy 
spar  and  iluor  spur,  Ac,  are  found  together.  These  combi- 
nations, wliicli  oru  .sometimes  very  complicated,  are  not  always 
consistent,  and  as  the  number  of  minerals  which  occur  in  veins 
is  extremely  large,  it  would  be  very  difficult  to  enumerate 
all  the  (HfTurent  combinations  of  this  kind  which  have  been 
observed.  Definite  as.sociations  of  ores  and  veinstones  are  some- 
times called  or f  formations,  vrin  fonnatidns,  tein  types,  &c.  The 
grouping  together  of  certain  mineral  species  in  metalliferous 
veins  may  possibly  b(!  due  to  the  common  solubility  of  these  ores 
in  the  same  medium,  and  to  their  ability  to  deposit  crystals  fron^ 
the  Slime  solutions  under  similar  conditions.  Although  it  woul^^ 
}fo  difficult  to  cnuiiieratc  all  the  known  associations  of  metallic  _ 
ferous  or«'S  in  lodes,  the  table  on  p.  55  will  afford  a  general  ide-^ 
of  the  more  simple  groupings  which  they  affect.* 

The  succe.-'.sion  of  tlic  viftious  minerals  constituting  eith^^p 
ft  S(!ri(!H  of  dissimilar  combs,  or  the  successive  crystallizations  '«K=>f 
g(!(Kl(>s  or  druses,  has  long  attracted  the  attention  of  the  scienti^Sc 
miii»!r.  Many  years  ago  v.  Weissenbach  observed  the  followir:».g 
Hc<|ii(!ticu  of  vt'in-n»aterial  from  the  wall  rock  to  the  centre  in 
the  system  of  lodes  which  occur  in  the  district  around  Brand.,  a, 
few  mih'H  west  of  Freiberg.^ 

I,  './uiirtz   veins  containing   iron   pyrites,  black   blende,  aE3<j 
ffti\fun,  with  niis[)ickt>l,  affording  a  moderate  proportion  of  silver. 

Si,  l)inll<)gite  and  brown  spar,  in  addition  to  the  above- 
tmuitioiied  urcH,  which  are  rich  in  silver  and  contain  patches  of 
nrg<'iitif'i'i()tiH  t«'frah('drit<.',  and  other  rich  silver  ores. 

'.I.  Hpnthos*!  iron  tm-,  fl»u»r  spar,  and  heavy  spar,  over  which  a 
Kri^yinh  varifty  of  bnnvn  spar  has  sometimes  been  deposited. 
'V\,f  urt'i  of  group  2  an?  present,  but  in  less  quantities,  and  the 
ifitU-uit  <li>;»('rninat4'd  through   the  heavy  spar  contains  but  little 

*»lv<'l. 

I,  <  'al'-itf,  (iccMslnrudly  riidusing  rich  .silvor  ores,  but  without 
f he  'lr<■^  (iC  i^riiiip  I . 

'I'lw  R((|iiciicc  111'  till-  v.iiidus  minerals  constituting  metalliferous 

'  llcMilinnl  V.  f'oliii,  "  Djf  |,f|ir(!  voii  iliiii  Krzlft>!''r'*'''t'»"">"  2nd  edition,  Freibeig, 

lir.P.     |r,  »■/.      Aiii< nil  'riiiimliitini),   1H70,  ]i.   14. 

'  '•.  '1.  A.  V.  Wt'iH.Mi-iiliiti  h,  "  Alitiildun^enirifrkwiiriligerGHiigverhaUniaseaasdem 
ii4r|iNUch''ii  Krr;irliiij{f,"  l.fip^ij^,  ]ft36,  p.  .Tl. 
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veins  has  also  been  examined  by  both  Breithaupt  and  Henwood, 
neither  of  whom  was  enabled  to  deduce  from  his  observations 
any  general  law  of  succession.  With  comparatively  few  exceptions, 
however,  all  the  various  series  of  minerals  in  veinstones  begin 


Association  or  Orbs  ik  Mxtallifekoos  Veins. 


Two  Uewban. 


GtleiM,  blende. 


Iron  pyrites, 
chalcopyrito. 


Cold,  quartz. 


Cobalt  and 
nickel  ores. 


"Tinore,  wolfnun. 


Gold,  tellurium. 


Thiw  Hemben. 


Galena,  blende,  iron 

pyrites. 

(Silver  ores.) 


Iron  pyrites,  chalcopjrrite, 

quartz. 

(Copper  ores.) 


Cinnabar, 
tetrahedritc. 


Magnetite, 
chlorite. 


Gold,  quartz,  iron 
pyrites. 


Cobalt  and  nickel  ores, 
and  iron  pyrites. 


Tin  ore,  irolfram,  quartz. 


Fonr  or  more  Hemben. 


Galena,  blende.iron  pyrites,  quartz ; 
and  spatliic  iron  ore,  diallogite, 
brown  spar,  calc  8X>ar  ;  or  heavy 
spar. 


Gold,  tellurium,  tetrahedrite 
(Various  tellurium  ores.) 


Iron  pjrrites,  chalcopyrite,  galena, 
blende;  and  spathic  iron  ore, 
diallogite,  brown  spar,  calc  spar ; 
or  heavy  spar. 


Gold  quartz,  iron  pyrites,  galena, 
blende  ;  ami  spathic  iron  ore, 
diallogite,  brown  spar,  calc  spar ; 
or  heavy  spar. 


Cobalt  and  nickel  ores,  iron  pyrites ; 
and  galena,  blende,  quartz, 
spathic  iron  ore,  diallogite,  brown 
spar,  calc  spar ;  or  heavy  spar. 


Tin  ore,   wolfram,   quartz,  mica, 
tourmaliup,  topaz,  «c. 


Gold,  tellurium,  tetrahedrite,  quartz; 
and  brown  spar ;  or  calc  spar. 


Cinnabar,  tetrahedrite, 

pyrites. 

(Various  ores  of  quicksilver.) 


Magnetite,  chlorite, 
garnet. 


Cinnabar,  tetrahedrite,  pyrites, 
quartz ;  and  spathic  iron  ore, 
diallogite,  brown  spar,  calc  spar ; 
or  heavy  spar. 


Magnetite,  chlorite,  garnet,  pyrox- 
ene, hornblende,  pyrites,  &c. 


fith  a  layer  of  quartz,  but  beyond  this  it  is  found  that,  even  in 
be  same  district  the  different  minerals  constituting  subsequent 
eposits  frequently  vary,  not  only  in  the  order  of  their  succession, 
ut  also  in  their  composition. 


o^i 
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T\ifi  fiflUwin^;  t.il>li;  \taA  }jii^u  rooatructed  from  a  much  loogier 
one  by  W.  J.  HkiiwijoI,  in  whirrh  he  aummarizes  the  results  of  fait 
pdrivtmil  obwtnat'.ionM  r«ilating  to  the  order  of  succession  of  the 

rriineralit  in  variuu.-!  ludt^M  in  ComwalL' 

I'««:;;i,NH  r,r  f  .,s-<TiTr-r\r  Mi:xr.e..\iJt  is  cbrtaix  Ix>I)Kk  15  C'o>5walu 


B'-'-.i  bliitintn^ -lb        'ii -.hai  *M<;t     ir.arth.tt  in  th*  ,  iDftbat  in  tbe  '        LoeaiitiM. 

r<tr't.  v!:ninii?.!Mpi<k      :*tt  mtl'ina.        iaat  rnliiina    I 


Onsiv. 


»r«»rtjt. 


tu-hT  i.r-1 


ff-MT^ 


Q.WU. 


'rxjjft  of  ti  1. 


inrnuUof  in>n  . 

W'.lfnm. 

L'nnlte. 

r'<.ajpitat«orUm<' 

Earthy  black  1 

c.>{-l«run.  / 


r  MaUrUtiA    t 
I     '(lurti.      i 


'lajr  lU!' 


(f-tzii 


Annteal 
Ct>ir.t*. 


Irr/D  irt'rites. 
GalebA. 

V  *ru. 


^■urtx. 

AnKnnilc. 
f     Hfdroua     1 

t  rxiMchf  irrin.  ( 
OxiAt  lit  tin. 
Anrali-al     ) 

'-■•<pj*r  |/riM**. 


Peda-ao-dna. 
HqelOoited.    ! 

StXIcfaatriHosat, 

Oanoiii  Lake.     ' 

Hncl  FiicniUhip.  , 

nod  Jcw«L 


MbienI  pitch. 


Ct-fftT  pTritc*. '        Qnartx. 
C'-MitT  pyritn  -  rnp]<cr  pjrritca. 
/  Carboaat*  of     8i«tlioM  Iron  1 
<        Iron.  I  ciR.        f 

OalfB*.        I        Qoartx. 
(  !>a1phi<le  of  1 1 
I     tiimoth.    i  "*■■■ 

Bleode.  Flonr  »par. 


KlrkD 


OxMt  fit  tin. 
Qiiutz. 


f  W'l*  rif  tiD.  

I  Eartbr  tirowa    Bin*  carboaatci 


irijoure. 


Karlhy  br-mn  .    y ^^,  „ 
inis  ore.     i  " 


of  copper.     ) 


Qaartf. 


I  Pfipper  ore.  1 
/  Rm  oxide  i>r  I 

I     ClirjlH^crilll.     . 


HndSdwaid. 

Lrraol. 

ReatomieL 

Bnel  Vur. 

IloelUnitrWood.. 

Sortk  Bnakear.   j 

Eart  CilDBi*.     I 
Cnltad  niUa. 

Virtaona  XmAj.  ' 

Hoel  Boae.  i 

Tomtif  ConaoU. 

I*olbeTTOw.  I 

Whenry  Hiae. 
Ting  Tang. 

Hoel  Bullar.      i 
r 
Ting  Tang. 


TliP  must  rcront  investigations  relative  to  this  suhject  are  those 
lati'ly  |>uhlish<>(1  by  SaiidbtTgcr  on  the  paragenesis  of  the  minerals 
fiinslitutiii;;  the  vi-in.s  at  Sc'liapbiich,  in  Baden.  In  this  mine  two 
disfim-i  Imic  format  ions  are  develojied  on  the  course  of  the 
KriiMlridi  <  'liri.stian  Vrin  where  it  traverses  the  gneiss,  namely 
the  Srliaplwihiie,  or  bi.-smuth-silver-ore  formation,  represented  by 
tb<>  siiMidlid  "  Hard  JJninch,"  and  the  coarse-copper  and  lead-ore- 
brariii^  Ihinr-sjKir-pyrites  formation. 


'  Traiu.  Kfiv' 


iUta' 
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The  succession  of  the  different  minerals  contained  in  both  these 
formations  has  been  carefully  worked  out,  and  numerous  sections 
across  the  veins  at  different  points  are  given.  A  comprehensive 
table  is  also  furnished  showing  the  sequence  of  the  various 
aeeondary  minerals  resulting  from  the  decomposition  of  the  primary 
or  normal  ores,  &c.,  originally  deposited  in  the  vein  fissure.  In  this 
case,  as  in  those  already  quoted,  there  is  great  irregularity  with 
r^ard  to  the  succession  of  the  various  deposits,  but  in  order  to 
render  this  obvious  it  will  be  sufficient  to  give  the  results  of 
Sandberger's  examination  of  the  Hard  Branch  only  : 


Frikdkich-Chkibtian  Veix. — Pabagenesis  of  Hard  Bbakch.^ 

a.  1.  Deeompoaed  grannlar  banded  gneiss,  with  reddish  felspar  and  whitish  mica. 
3.  White  quartz,  passing  into  greyish  hornstone  and  milk-bine  chalcedony,  with 
•ngolar  fragments  of  the  country  rock,  disseminated  Schapbachite,  galena 
(I),  and  copper  pyrites  (I). 

3.  Quartz  »R.  ±R. 

4.  Galena  ooOoo.  0  (Twinning  on  0).     Katire  bismuth -2R.  OR,  in  very  small 

crystals  in  the  larely-occurring  di-nses. 

h.   1 .  Gneiss  (as  above). 

2.  Compact  qnartz  and  clialcedony,'with  strings  of  Schapbachite  an  inch  wide,  and 

nests  of  massive  copper  pyrites  (t)  and  crj-stals  of  iron  pj-ritcs  (— s"  •  ""O  »  V 

3.  Boselite  in  translucent  blebs  in  fissures,  coating  quartz  and  iron  pyrites. 

c.  1.  Grey  hornstone  with  disseminated  Schapbachite  and  galena  (I),  copper  pyrites 

(I),  and  iron  pyrites  (I). 
2.  White  quartz  ( ooR.  dbR),  galena  (I)  ooQ  oo.O). 

Native  bismuth  (OR.  -  2R),  bismuth  glance  occurring  only  in  druses,  in  aggre- 
gates of  very  small  acicular  crystals. 

d.  1.  Whitish  gneiss. 

2.  Grey  quartz  with  Schapbachite  and  galena  (I),  and  copper  pyrites  (I). 
8.  White  quartz,  with  numerous  impressions  of  cubes  of  fluor  spar. 
4^  White  quartz  in  crystals  («  R.  ±R.). 

«.  1.  Whitish  gneiss. 

2.  Gray  quartz,  with  Schapbachite  and  galena. 

3.  Couse  foliated  calc  spar  (1),  crystallized  in  large  scalenohedra  (R')  in  druses, 

but  mostly  corroded  and  earthy  or  dull. 

/.  1.  Whitish  gneiss. 

2.  White  compact  qdarts. 

8.  Fluor  spar  (I)  pale  green,  mixed  with  calc  spar  (I)  and  coarse-grained  galena. 


»  Fridolin  Sandbei^er,  "  Untersuchungen  uber  Er^nge,"  Parti.,  p.  86,  Wics- 
IwdeD,  1882, 
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g.  1.  Quartz  ill)  in  larger  crytUla,  with  galena. 
2.  White  calc  spar  (I)  (R»). 
».  Quartz  (IV)  and  copper  pyrites  (III)  in  thin  cnuta. 

K.  1.  Quartz  (II)  in  larger  crystal*,  with  milk-white  roundish  enelosares. 

2.  Copjier  pyrites  (II)  in  twios. 

3.  Brown  sj^ir  (R). 

4.  C«lc«i)ar(II)(0DR.R». -iR.R). 

i.    1.  Quartz  (II)  in  larger  crystals. 

2.  Calc  8]Mr,  in  sheAf-Ufe  aggr^tes  of  scalenohedra  (R*)  an  inch  long,  ta\tt- 

fiuially  altered  into  chalybite,  encrusted  and  penetrated  by 
8.  Quartz  (III)  pseudontorphons  after  barytes. 
4.  Calc  siMvr  (II)  in  small  groups  of  crystals  (<bR.  -  ^R). 
C.  Cop|)er  pyrites  (III)  crystallized,  with  small  crystalline  aggregates  of  qcuti 

(IV). 

it.  1.  Compact  quartz  with  angular  fragments  of  gneiss,  and  disseminated  galeuatad 
copper  pyrites  (I). 

2.  Fluor  s])ar  in  rough  yellowish  cubes,  in  regular  intergrowths  with  qnsitz  (III) 

after  barytfs. 

3.  Calc  spar  (II)  (<»R.R».-JR). 

4.  Copper  pyritt'H  (III)  crystallized. 

In  \\w.  furegoing  table,  when  a  mineral  has  been  formed  at  only 
one  period  in  the  history  of  the  lode,  no  lai;ge  numeral  is 
afiixod.  The  numbers  I,  II,  III,  and  IV,  indicate  four  successive 
KtiigoH  of  deposition  for  each  mineral,  but  they  do  not  refer  to  any 
])articulnr  band  or  contemporaneously  formed  pair  of  bands  in  the 
lode.  These  latter  are  indicated  by  the  small  numerals  arranged 
tmder  the  diifereat  sections  a,  h,  c,  &c.,  in  the  table  of  parageuesis. 
The  sections  show  the  c(mtents  of  the  lode  at  certain  spots, 
selected  as  typical  of  tlu;  differences  occurring  successively  along 
its  course. 

Till)  various  minerals  of  which  metalliferous  veins  are  composed 
do  not  always,  oven  in  the  same  lode,  occur  in  a  similar  order  of 
HUcc(!HHion,  and  whon  the  same  minerals  are  found  in  corresponding 
order  in  different  vuins,  it  by  no  means  follows  that  they  are  of 
<!(lijal  g(u>logical  age.  Metalliferous  minerals  occur  in  veins  of 
(ivery  ag<(,  an<l  the  same  minerals  are  sometimes  found  in  a  simi- 
lar t)rdur  of  HucccHHion  in  those  l>elonging  to  very  different  periods ; 
such  series  Ix'ing  not  unfre<iuently  repeated  more  than  once  in  the 
sauH!  vein.  In  such  cases,  similar  processes  of  formation  appear 
to  have  been  periodically  repeated. 

These  succcssic^ns  of  mineral  deposits  cannot  therefore  be 
regarded  as  cluuracteristic  of  particular  geological  periods,  neither 
must  their  nature  be  considered  as  dependent  on  their  age.    The 
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same  periods  have  not  everywhere  produced  similar  combi nations 
,or  successions,  and  diCferent  periods  totally  dissiinDiir  ones ;  con- 

Huently,  it  is  not  possible  from  the  nature  of  the  mineral 
combinations  and  successions  which  occur  in  a  given  vein  to 
determine  its  geological  age.  In  the  case  of  vein  Hssures  formed 
at  different  periods,  the  udneral  deposits  which  take  place  will 
depend  upon  the  nature  of  the  substances  dissolved  in  the  waters 
circulating  through  them  at  the  time  of  their  formation.  In 
the  same  locidity  the  nature  of  these  solutions  has  changed  from 
time  to  time,  while  similar  solutions  have  re-appeared  at  certain 
intervals  which  have  no  known  general  connection  with  geological 
time.  These  changes  have  been  confined  to  comparatively 
limited  areas,  and  are  not  believed  to  have  aflected  all  veins  of 
the  same  age. 

In  addition  to  the  minerals  originally  duposited  in  vein  fissures 
dtmng  the  progress  of  filling,  lodes  often  contain  other  mineral 
substances  which  have  been  derived  from  these  original  deposits  by 
their  decomposition  and  a  new  arrangement  of  their  constituents. 
Secondary  formations  of  this  kind,  for  the  m<Dst  part,  constitute  a 
very  small  proportion  only  of  a  lode,  and  occur  chiefly  near  its 
outcrop  and  in  tiie  vicinity  of  its  intersection  by  other  veins.  In 
this  way,  in  jiddiliun  to  oxide  of  iron  derived  from  the  decomposition 
of  sulphides,  the  gossans  forming  the  outcrops  and  shallower  portions 
of  many  lodes  frequently  contain  massicot,  cerussite,  anglesite,  pyro- 

orphite.  wulfenite,  &c.,  resulting  from  the  alteration  of  galena ;  and 
cuprite,  melaconite,  malachite,  and  azurite  from  the  decomposition 
of  chalcopyrite. 

The  formation  of  these  secondary  minerals  can  however  be 
generally  traced  to  well-known  chemical  reactions,  and  is  there- 
fore quite  distinct  from  the  agencies  by  which  the  deposition  of 
the  original  vein  material  was  accomplished. 

The  occurrence  in  lodes  of  minerals  exhibiting  pseudomorphic 
forma,  produced  by  their  deposition  in  moulds  left  by  the  removal 
of  crj'stals  of  other  substances,  and  the  presence,  in  drusy  cavities, 
of  stalactites  of  calcite,  qiiartz,  pyrites,  &c.,  indicate  that  a  partial 

ecomposition  and  re-airangement  of  some  of  their  constituents 
hjis  beon  effected  by  the  action  of  water  at  comparatively  low 
temperatures. 

The  water  now  issuing  from  the  back  of  one  of  the  cross-cuts 
at  Dolcoath  deposits  in  considerable  quantities  a  soft,  greyish-brown 
precipitate,  iron  sinter,  which  frequently  assumes  stalactitic  forms. 
Similar  incrustations,  although  generally  less  abundant,  we  fouTV'i 
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in  nearly  all  deep  mines  wherever  water  issues  from  the  vicinity 
of  a  vein  and  flows  over  the  surface  of  the  adjacent  rock. 

Two  analyses  made  of  air-dried  specimens  of  this  substance 


afforded  the  following  results: — ■ 


1 

1 

1. 

12-77 
15-90 
36  30 
trace 
32-47 
trace 
3-65 

II. 

1 

Water -f?°™^^*'*. 

ihygnJscopic     .... 

Ferric  oxide 

Manganic  oxide 

Arsenic  acid 

1  ArsenioUs  acid 

Sulphoric  acid   ...;... 

11-45 

37-76 

trace 

32-55 

•68 

2-52 

! 

10009 

100-15 

No.  I.  is  an  analysis  of  this  deposit  made  in  my  laboratory; 
No.  II.  is  that  of  another  specimen,  made  by  Mr,  Dugald  CampbelL 

Influence  of  Depth  upon  Lodes. — For  a  long  time  there  appears 
to  have  been  an  impression  that  lodes  are  productive  to  a  certain 
depth  only,  and  that  all  below  is  bai-ren  and  without  value.  The 
earlier  miners  in  California  were  so  fully  impressed  with  the  idea 
that  the  outcrops  were  more  productive  than  the  deeper  portions 
of  the  same  veins  that  when  the  quartz  ceased  to  afford  remuner- 
ative results,  they  seldom  proceeded  to  any  considerable  additional 
depth  before  suspending  their  operations.  Within  the  last  thirty 
years,  however,  experience  has  entirely  changed  their  opinion  upon 
this  subject,  as  deeper  workings  have  led  to  the  conclusion  that 
there  is  no  evidence  tending  to  indicate  a  progressive  falling  off  in 
the  yield  of  gold. 

Auriferous  veins  are  always  variable  in  their  yield,  and  it  may  be 
assumed  that  those  which  at  the  surface  afforded  evidence  of  the 
presence  of  gold  first  claimed  the  attention  of  the  miner.  These, 
after  having  been  worked  to  a  more  or  less  considerable  depth, 
ultimately  became  unproductive,  and  although  further  prosecution 
of  the  operations  might  have  led  to  fresh  discoveries,  the  miner, 
who  was  usually  without  capital,  soon  transferred  his  operations 
to  some  other  outcrop  showing  visible  gold. 

Another  reason  for  the  prevalence  of  this  belief  among  the  earlier 
miners  may  be  traced  to  the  fact,  which  has  been  previously  men- 
tioned, that  gold  is  almost  invariablv  associated  with  iron  pyrites 


and  other  metallic  sulphiiles,  ami  tliesc  becomingoecomposed,  near 

the  surface,  liberate  the  gold,  wliicii  is  rea<lily  collected  by  wasliiug 

ud  amalgamation.  lu  the  deeper  portions  of  a  vein  tliese  sulphides 

remain  undecomposcd,  and  although  an  equal  amount  of  gold  may 

be  present,  the  results  nbtained  by  the  miner  are  less  satisfactory. 

With  improved  machinery  and  better  methods  of  treatment,  this 

[difficulty  has  now  to  some  extent  disajjpeared,  although  it  is  well 

tnown  that   the  gold   liberated  by  the  natural   decomposition  of 

pyrites  can  be  very  easily  collected. 

Tlie  working  of  mines  is  more  easily  and  more  cheaply  eon- 
ducttJ  nenr  the  surface  than  at  more  considerable  depths,  and 
**»  the  difficulty  and  cost  increase  Avith  the  progress  downwards, 
"^Jirizontal  explorations  on  the  strike  are,  in  the  Aggregate,  much 
**iOro  extensive  than  are  those  upon  the  dip  of  lodes,  Wlien  at 
'*'  given  depth  a  hxle  or  shoot  of  ore  has  temporarily  ceased  to 
•^*^  productive,  it  frequently  happens  that  any  additional  sinking 
"^ould  necessitate  the  erection  of  more  powcri'ul  machinery,  and 

I*Jence  there  is  a  greater  tendency  to  drive  levels  than  to  sink 
shafts.  Statements  relative  to  the  entire  disappearance  of  lodes 
in  depth  must  theriifore  be  receivtnl  with  caution,  since,  had  the 
workings  been  continued,  the  vein  would  probably  have  again  been 
found  and  have  again  become  productive.  Comparatively  few 
mines  have  reached  four  hundred  fath<iins,  but  there  is  reason  t^> 
believe  tliat  true  veins  extend  to  depths  to  which  the  laiuer  will 
I  be  unable  to  follow  them. 
According  to  Lieber,  many  lotles  both  in  North  and  South  Carolina 
appear  to  contain  gold  near  the  surfnce,  while  lower  down  they 
yield  lead  and  copper  ores  witli  but  little  gold.  The  succession 
from  the  top  downwards  is  stated  to  be  gold,  lead,  copper;  but  his 
observations  were  not  made  in  each  case  on  the  same  lode,  and  the 
conclusions  at  which  he  arrives  are  at  variance  with  those  of  other 
observers.  Messrs.  Shepard  and  Eights  state  that  gold  is  present 
in  these  veins  at  all  depths  that  have  as  yet  been  reached,  but  is 
easily  recognizable  in  those  parts  only  where  the  deconijwsition 
of  sulphides  has  resulted  in  the  formation  of  gossan  and  the  libera- 
tion f>f  gold.  My  own  examination  of  the  region  in  question 
would  lead  me  to  agree  with  the  last  named  obsen'ers. 

Many  of  the  lo<les  in  Cornwall  which  in  tbe  shallower  levels 
yiolded  an  abundance  of  copper  ores,  now  at  greater  depths  afford 
large  quantities  of  tin  oxide;  but  whether  copper  oros  again  occur 
still  deeper  is  unknown.  If  it  were  established  that  changes  in 
tlie  composition  of  lodes  took  pl.ice  at  approximately  fixed  depths 
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from  the  original  surface,  the  phenomena  might  be  regarded  as 
due  to  the  coiutantly  increasing  temperature  and  pressure  resulting 
from  greater  depth ;  but  up  to  the  present  time  we  are  without 
any  reliable  data  bearing  upon  this  subject. 

Infiucneei  of  the  Cmintry  Rock. — Every  one  who  has  written  upon 
the  mining  districts  of  Cornwall,  has  remarked  that  almost  the 
whole  of  the  mineral  weath  of  that  county  occurs  within  a  distance 
of  some  two  or  three  miles  on  each  side  of  the  junction  of  granite 
and  clay  slate  or  killas.  According  to  W.  J.  Henwood,  who  care- 
fully studied  the  subject,  no  part  of  this  line  appears,  however, 
to  have  been  notably  more  productive  than  any  other  part  of  the 
same  extent  within  the  distance  mentioned.*  And  although  lodes 
not  uncommonly  nm  fi>r  many  fathoms  with  granite  on  one  side 
and  slate  on  the  other,  ojr  with  either  of  these  rocks  forming  one 
wall  and  elvan,  qimrtz-rporpltyry,  the  opposite  one ;  yet  the  portions 
of  the  IcMles  thus  contained  between  dissimilar  rocka  have  not 
generally  been  found  U}  be  the  most  productive.  The  metalliferous 
contents  of  lodes  appear  also  to  be  not  only  affected  by  the  mineral 
composition  of  the  contiguous  rocks,  but  in  some  degree  also  by 
thftir  p.Mitiuu  and  mechanical  structure. 

Whether  the  rocks  be  granite,  slate,  or  elvan,  their  hanlest 
portions  are  always  (juartzose,  and  in  these  the  lodes  are  seldom 
ri<'h.  In  granite,  a  fine-grained  rfjck,  locally  known  as  whetstone,  is 
always  an  unfavourable  indication,  while  if  that  which  is  of  a  coarser 
texture  contains  largo  white  and  shaq>ly-defined  crystals  of  felspar, 
tho  indication  is  e(iually  unfavourable. 

If,  on  tlie  contrary,  the  grain  of  the  nx^k  be  neither  very  fine, 
on  the  <»U(!  hand,  nor  particularly  coarse  on  the  other,  while  the 
(.>n(;lo.s(Ml  crysUils  of  felspar  have  a  greenish,  brownish,  or  pinkish 
tint,  with  indistinct  outlines  merging  into  the  ground-mass,  quartz, 
mica,  and  sometimes  schorl  being  pi'esent,  the  character  of  the  rock 
is  considtTcd  to  be  a  favourable  one,  and  lo<le8  enclo.sed  in  it  may 
bo  expected  to  be  fairly  pnxluctive,  especially  of  tin  ore. 

A  hard,  fin(vgrainod  quartzose  elvan  that  contains  schorl, 
eithor  diffused  a.s  a  colouring  matter  only,  or  in  groups  of  radiating 
crystals,  i.s  not  a  favourable  country  r<x;k,  as  the  lodes  in  such  elvans 
fr(;(|ucntly  divide  and  split  up  into  innumerable  branches,  which 
reunite  when  they  approach  softer  and  more  felspathic  varieties 
of  the  same  rock.  The  varieties  of  elvan  most  favourable  to  riches 
differ  slightly  as  regards  tin  and  copper  ores.  Lodes  are  sometimes 
tolerably  ]»roductivo  of  tlio  former,  even  when  split  into  strings 
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and  enclosed  iu  a  glttssy  quartzose  clvau.  lu  the  case  of  copper 
ores,  on  tlje  contrary,  unless  the  rock  be  s<«ft,  and  to  some  extent 
decomposed,  the  lodes  dwindle  and  become  unprofitable. 

In  the  neighbourhood  of  the  St.  Just  and  St,  Ives  copper  mines 
tlie  rock  is  a  fine-grained  hornblendic  slate  contAiuing  fehspar.     A 
decoQiposed  slaty  nx^k  of  a  pale  greyish  hue  passing  into  a  didl 
^^hite,   and   s<Jinetiuies  marked  between  the  lamince  with  blviisli 
■^•pots,  accompanies  the  richer  portions  of  the  copper  lodes  in  the 
greater  pait  of  the  Gwennap  district.     The  same  or  very  similar 
rocks  occur  iu  the  neighbourhood  of  St.  Agnes,  iu  some  portions  of 
the  St.  Austell  district,  and  in  the  neighb(Jurhood  of  CaUington.  In 
thctse  tin  ore  is  by  no  means  abundant,  although  it  is  found  in  the 
shallower  parts  of  some  of  the  lodes.     Copper  ores  not  only  occur 
in  this  rock,  but  have  been  plentiful  in  the  same  loiles  after  leaving 
it  and  entering  a  dark-blue  quartzose  slate.     In  far  the  greater 
nutnbpr  of  in.stance9,  however,  the   riches  dwindle   or   suddenly 
disappear  with  this  change  of  the  country  rock.     In  some  ports 
of  the  Gwennap  district,  a  slate  of  a  reddish  colour  is  regarded  as 
being  equally  unfavourable  to  the  yield  of  the  lodes  by  which  it 
may  be  intersected. 

In  many  of  the  most  productive  mines  of  Western  and  Central 
Cornwall,  and  generally  throughout  the  Tavistock  district,  copper 
ores,  chiefly  occurring  as  copper  pyrites,  are  found  in  a  deep-bluo 
clay  slate  having  a  glassy  or  silky  lu.stre.  and  opening  in  thick  hori- 
zontal joints  which  coincide  with  the  planus  of  cleavage.  Lodes  in 
this  rock  do  not  u.suaLly  contain  tin  ore,  and  if  tlie  slate  assumes  a 
deeper  hue  the  copper  ores  are  replaced  by  iron  pyrites ;  while  if  the 
rock  becomes  quartzose,  even  the  iron  pyrites  itself  disappears. 

^^'^^erever  tin  ore  is  abundant,  the  slate  is  of  a  Uilerably  uuifonn 
character,  being  deep-blue  in  colour  with  occasionally  a  somewhat 
greenish  tinge,  and  a  gloss  or  silkincss  on  the  stirfarc  of  the  cleavage 
planes.  A  diminution  in  the  depth  of  colour,  and  a  softening  iu  the 
texture  of  the  rock,  are  considered  unfavourable  indications.  The 
lodes  which  afford  lea<l  ore  occur  in  bluish  or  greyish  slate.s,  and 
are  generally  situated  at  considerable  distances  from  the  granite. 

With  regard  to  the  mechanical  structure  of  rocks,  it  has  been 
observed  that,  when  in  granite,  slate,  or  even  in  elvan,  the  joints 
nearly  parallel  to  tlie  course  of  a  lode  fall  towards  it  in  desreuding, 
it  may  be  regarded  as  a  favourable  intlication.  On  the  other  hand, 
when  i»uch  joints  diverge  from  the  lode  as  they  go  downwards,  it 
is  generally  considered  to  be  an  indication  of  poverty.  Many  joints 
traverfting  a  lode  appear  to  exercise  an  unfavourable  influence  upon 
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it,  and  a  course  of  ore  Ls  sometimes  cut  completely  off  by  a  joint 
running  across  the  lode.  In  slates,  whenever  they  become  quartzose, 
their  cleavage  planes  are  almost  invariably  much  curved  or  contorted, 
and  the  rock  is  more  than  ordinarily  fissile ;  such  conditions  are 
generally  considered  unfavourable  to  the  presence  of  large  deposits 
of  ore.  When,  on  the  contrary,  the  planes  of  cleavage  are  not 
distinctly  cun-ed,  and  the  rock  exhibits  a  thickly  lamellar  struc- 
ture, the  lodes  passing  through  it  may  be  expected  to  be  fairly 
productive.  All  these  indications  are,  however,  extremely  local  and 
often  confined  within  very  narrow  limits,  since  in  the  same  rock  there 
is  frequently  an  alteration  of  the  lodes  as  soon  as  the  character 
of  the  surrounding  country  becomes  slightly  modified. 

In  the  north  of  England,  where  the  lead  veins  are  situated  in 
regions  of  Carbiiuiferous  Limestone,  a  singular  dependence  is 
obsen-ed  between  the  contents  of  a  vein  and  the  nature  of  the 
country  rock.  In  Cumberland,  the  veins  di\-ide  limestones,  sand- 
stones, and  shales,  and  these  are  brought  into  various  opposition 
to  one  another  by  the  displacements  which  accompany  nearly 
all  the  veins.  A  vein  is  sometimes  productive  of  lead  ore  under 
all  circumstances  of  opposition  in  the  enclosing  rocks.  When 
limestone  forms  the  walls,  its  pr<xluctiveness  is  usually  at  the 
maximum,  and  schist,  and  solid  sandstones,  likewise  enclose 
productive  veins ;  but  they  are  generally  contracted  in  width  and 
inipoverishe<l  in  their  contents  whenever  they  are  included  between 
walk  of  slate,  and  even  when  one  wall  only  is  occupied  by  that  rock 
the  same  effect  is  frequently  obser\-ed. 

In  Derbyshire,  the  veins  pass  through  the  Mountain  Limestone, 
and  often  through  its  associatt^l  igneous  rocks,  as  well  as  across  the 
various  accumulations  of  shales  and  sandstones.  The  lead  ore 
gonernlly,  but  nut  always,  occurs  in  the  limestone  series  and  most 
abundantly  in  the  upper  portions  of  it.  Tlie  igneous  rocks,  loadstones, 
are  sometimes  dense,  hard  traps,  while  at  others,  though  originally 
vo.«*icular,  the  vesicles  may  be  now  filled  by  various  infiltrated 
minerals;  tiny  are  generally  regar.le«l  as  unfavourable  to  the 
prtvluotion  of  the  onolose«l  veins.  The  Derbyshire  miners  were 
forinorly  of  opinion  that  veins  do  not  traverse  these  toadstones  or 
hhdntonfs.  as  they  are  svnuetimes  locally  termetl.  but  it  is  now  well 
known  that  the  true  fissure  veins,  or  mbrs,  pass  through  these 
ignoi>us  rooks  as  woll  as  through  the  limestones,  but  that  where 
they  constitute  the  walls  of  the  vein,  lead  ore  is  usually  absent 

Among  the  limestones  themselves,  certain  beds  are  considered 
mon^  favourable  than  others  as  walk  to  lead  veins,  and  the  presence 
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ft^  dolomite   is  always  regarded   as  an   unfavourable   indication. 

^though   lead   veins   are    frequently  continued    through   certain 

8uali?5    overlying    the    limestones,    which    sometimes    contain    a 

Wosideruble   amount  of    carbonaceous   matter,  veins  so  enclosed 

^  seldom  pnxluctive.     Many  of  the  smaller  metalliferous  veins 

in  the  Derbyshire  limestones  are,  in  point  of  fact,  merely   joints 

in  the  rock  which  have  received  a  de^wsit  of  lead  ore  of  sufficient 

importance  to  induce  the  miner  to  follow  tliom  in  his  workings. 

lb  Alston  Moor,  Teesdale,  and  Swaledale  the  upper  tliick  limestone 

is  far  the  richest  in  lead  ore. 

In  the  district  around  Freiberg  the  lodes  producing  silver  ores 

[are  generally  enclosed  in  gneiss.     This  rnck,  which  is  divided  into 

matiy  different  varieties,  is  traversed  by  dykes  ol'  poiiihyrj'  and 

greenstone,  and  passes  into  mica  scliists  containing  beils  of  limestone, 

\>\x%  V.  Cotta  states  that  the  miners  attach  little  imjiortaiice  to  any  of 

I  ftiese  variations  of  the  countrj'  rock.     The-  gneiss  of  the  Erzgebirgc 

tnay  be  divided  into  two  principal  varieties,  namelj',  the  common 

9rry  tpuiss,  and  the   red  gneiss,  so  called  because  its  felspar  has  a 

Ted  colour.     Both  the  grey  and  tlie  red  gneiss  vary  considerably 

ID  composition  and  texture,  and  it  sometimes  becomes  difficult  to 

determine  whether  a  particular  modificati<5n  should  be  classified 

with  the  grey  gneiss  or  with  the  red.   The  tyjiical  red  gneiss  would 

appear  to  present  all  the  characteristics  of  an  igneous  rock,  which 

is  never  the  case   with  the  normal  grey  gneiss  of  the  Freiberg 

district.     The  grey  gneiss  contains  from  64  to  67  percent,  of  silica, 

and   is  comjxtsed   of  ortbocla.se,  a  small  projwrtion  of  oligoclase 

with  quartz,  and  much  dark-coloured  mica.   The  red  gneiss  contains 

from  74  t.o  76  per  cent,  of  silica,  and  consists  of  orthoclase,  quartz, 

and   a  little   nearly  colourless  mica.     According  to  v.  Cotta  and 

MuUer,   throughout  the   Erzgebirgc  the  grey  gneiss   appears  to 

exercise  a  more  favourable  influence  on  the  metalliferous  contents 

of  the  lode  than  the  red  gneiss,  which  contains  comparatively  few 

noetaliiferous  veins.*     It,  however,  appears  that  there  are  numerous 

intermediate  grades  between  the  two  e.\tremes  which  cannot  with 

certainty  be  assigned  to  either  variety.     MilUer's  generalizjitions 

must  consequently  lose  much  of  both  their  practical  and  scientific 

importance. 

At  Kongsberg,  in  Norway,  the  mines  are  situated  in  gneiss  and 
crystalline  schists,  of  which  the  district  for  a  length  of  about  a 
hundred  miles  and  a  width  of  some  fifty  miles  is  cliiefly  comjxwed. 
CerUun  belts  or  zones  of  these  crj'stalline  rocks,  known  a»/ahlhajuia, 
»  B.  r.  CotU  Md  H.  MiUIcr,  "  Gingstadien,"  toI.  L  1860,  p.  20». 
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are  of  c'in.«ii]crabl<'  U-ngth  and  breadth,  and  are  impregnated  with 
tinelv  liivide*]  »ul]»)iide!)  of  iron,  copper,  and  zinc,  with  sometiiuea 
al.«^>  thrijie  of  leat],  ojlmlt,  and  silver.     The  in>n  pynt«s  is  often  to 
some  oxtC'Dt  <]ccr>inpj<ie>l,  giN~ii^  li^  to  the  formation  of  hydrated 
ferric  o.\ide,  which  is  locallr  regaided  as  an   iudicatioa  of  the 
prf.-M-nce  of  silvc-r  ores.     In  the  Kongsberg  district  there  are  several 
of  thei«e  fahlbani]'*,  pnrallcl  in  strike  aod  inclination  with  the  other 
f:nei.<«'^d  anrl  schi.stosc  rocks  of  which  thev  form  a  member.    Thea^ 
fahlbands  are  themselves  traversed  bymetalliieious  veins  oontainio^ 
silver  an^l  other  orea,  which  arc  never  productive  except  wher^ 
they  intersect  a  falilbnnd.     In  this  instance  it  would  appear  th^^ 
the   impregnation  of    the  veins  with  metalliferous  minends   ig 
dirr-ctly  dejiemlent  on  the  nature  of  the  enclosing  rock,  rendericio 
it  prr>lMble  that  the  metalliferous  minerals  were  originally  derived 
from   the  fahlbands,  from  which  their  removal  and  subsequent 
concentration  in  lodes  have  been  effected  by  chemical  agencies. 

The  fort^going  and  many  similar  examples  of  the  influences 
exerci.MiHl  by  c-ouutry  rocks  tipon  tlie  lodes  passing  through  them 
have  be«jii  l<jng  km^wn  as  isolutcilfactSy  but  the  recent  investigations 
of  Kaiidlierger  and  others  have  thrown  much  additional  light  upon 
the  unhjtH^t,  and  have  invested  it  with  a  significance  which  it  did 
not  [)revi(MiHly  {KisiH-ss.  The  results  of  these  investigations  will  be 
st!it^-'l,  and  their  bojiring  upinthe  productiveness  of  lodes  discuseed, 
wlifii  w(;  <'.<)nsi<l<*r  the  various  theories  which  have  been  advanced 
lit  fu-<-oiuit  for  the  formation  of  metalliferous  veins. 

J'ultrinttoliiijy  of  Mineral  Veins. — Mr.  Charles  Moore,  who  paid 
much  attention  to  this  subject,  found  that  numy  of  the  clays  or 
Hu'-nnH  ntmn'UiJuA  with  the  lead  lodes  in  C:irbouiferous  Limestone 
frv'lofwj  niiiiierouH  fossils  of  C'arboniferouSy  Pennian,  Rhoetic,  and 
Lin<wi<!  age.  He,  moreover,  entertained  the  opinion  that  veins  of 
iliisr-lnwureof  purely  iiinrinc  origin,  and  that  the  various  oiganisms 
whir-li  thfy  contain  went  dejMwited  in  open  fissures  existing  in  the 
t¥'n  iNfttoiiiH  of  tliu  Hcveml  periods  to  which  the  fossils  severally 
b«-loiij/.' 

It  would  apjM-ar  however  far  more  reasonable  to  suppose  that, 
in  the  iiiMJority  of  cosch,  the  various  organisms  which  have  from 
liin"  to  time  Imx-h  difjcoveri'd  in  veins  hiul  already  become  fossilised 
wh«'H  th'-y  wf-re  traiiH]wrt<.'d  by  the  agency  of  water  from  higher 
ground  into  the  varitxiH  fissures  of  the  limestone.  The  investiga- 
tioiiN  of  Mr.  M<x;n.-  (.-onifirchended  the  examination  of  materials 
derived  frouj  voiiiH  and  vein  fissures  in  the  Carboniferous  Lime- 
'  lt'i>-)il '/  thf  UrUUh  .ln-t'fJ'Uion/ur  the  Adcancement  of  Seienet/«r  1869,  p.  360i 
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s  of  Wharfedale,  Wensleydale,  WeanJiile,  Tcesdalo,  Swaledale, 
;t.)u  Moor,  Kesmck,  North   and   South   Wales,  aud   parts   of 
iomoisetahire. 

lathe  Carboniferous  Limestone  districts  of  Holwell  aud  Frome, 

Rhffitic  and    Liassic   organisms  tbrm    a  largii   proportion   of   the 

foaiils  present  in  the  veins,  and  the  same  is  the  case  throughout 

tiie  Miudip  range  and  in  South   Wales.     lu  Nortli  Wales  and   in 

tlie  north  of  England,  on  tlie  contrary,  Carboniferous  remains  are 

mart  frequent,  while  those  of  later  age  are  exceptions,  some  of 

these  being  Eutomostraca  of  Permian  species.     According  tt»  Mr. 

Moore,  fossil   retuains  arc   of   more  frequent  occurrence  in   veins 

tmvereing  the  Carboniforoua  Limestones  of  the  Mendip  Hills  than 

liiey  are  in  those  of  any  other  locality  which  he  examined  ;  but, 

with   one  exception,  he   never  failed  to  find   fossils  wherever  he 

sought  for  them  in  veins  enclosed  in  limestones  belonging  to  this 

fonuatioD, 

A<)f  of  Mineral  Veins. — True  veins  or  lodes  must  in  all  cases 

iici-vssarily  be  of  more  recent  origin  than  the  rocks  in  which  they  are 

enclostHj,  and  when  one  vein  crosses  another  it  evidently  must  have 

lieen  formed  subsequently  to  the  vein  so  intersected.     In  this  way 

the  relative  ages  of  different  veins  occurring  in  a  given  district  may 

often  be  determined  without  much  difficulty,  but  to  assign  the 

formation  of  any  vein   or  group  of  veins  to  a  definite  period  of 

geological  time  is  frequently  more  diflBcult.     Sometimes  also  it  ia 

not  eiisy  to  determine   whether  or  not  lodes  are  older  than  certain 

ueighbouriiig   rocks  which   have  not   been   intersected   by  them. 

Wlien,  however,  a  vein  does  not  traverse  the  stratum  immediately 

above  it,  or  is  cut  off   in  direction  by  a  band  of  rock   which   it 

nowhere  penetrates  ;  or,  again,  if  a  given  roc^k  contains  fragments 

of  a  neighbouring  vein,  it  becomes  evident  that  the  vein  may  in 

each  case  be  regarded  as  being  older  than  the  rock. 

In  this  way  it  can  often  be  shown  that  a  vein  must  be  older 
than  certain  formations  in  its  neigh Ixiurhood,  although  it  will 
generally  be  more  difficidt  to  determine  how  much  older  the  vein 
may  be  than  the  evidently  more  recent  rock.  Such  a  deter- 
mination can  only  be  accomplished  when  the  filling  of  a  vein 
Hssure  may  be  referred  to  a  period  which  elapsed  between  the 
formation  of  the  rock  which  it  traverses  and  that  of  a  later  deposit 
of  well  ascertained  age,  following  closely  in  geological  succession. 
Metalliferous  veins  are,  as  a  rule,  of  more  frequent  occurrence  in 
the  older  rocks  than  in  the  more  recent  ones,  and  from  this 
circumstance   it   might  possibly  be   inferred  that   the  formation 

F  2 
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of  kules  is  a  process  which  has  gradually  decreased  in  activity  with 
the  progress  of  time.  It,  however,  appears  Car  more  probable  that 
the  formation  of  lodes  has  taken  place  at  all  periods  of  the  world's 
history,  and  that,  as  a  consequence,  they  are  more  frequently  enclosed 
in  the  older  rocks  than  in  the  newer  ones ;  which,  from  being  of  less 
age,  have  been  subjected  during  a  less  extended  period  to  vein- 
producing  influences.  The  following  may  be  quoted  as  examples 
of  mineral  veins  of  comparatively  recent  date.  In  the  department 
of  Ave^Ton,  in  France,  lodes  of  argentiferous  galena  associated  with 
ores  of  copper  traverse  the  Lias.  In  Algieria,  lodes  of  the  same 
c'ass  are  enclosed  in  rocks  belouging  to  the  Cretaceous  period.  In 
California,  a  proportion  of  the  auriferous  veins  are  included  in 
rocks  of  Jurassic  age,  while  the  auriferous  quarts  veins  of 
Vorospatak,  in  Transylvania,  traverse  Tertiary  sandstones. 

Further  evidence  that  quiulz  veins  are  sometimes  of  very 
recent  origin  is  aflforded  by  the  fact  that  in  the  vicinity  of 
Volcano,  in  Amador  County,  California,  a  distinctly  marked  quartz 
vein  is  observed  to  cut  through  beds  of  sand  and  gravel,  and 
presents  unmistakable  evidence  of  having  been  formed  subse- 
quently to  their  deposition,  by  the  action  of  water  holding  silica  in 
solution.  This  vein  is  chiefly  composed  of  chalcedony  and  agate, 
but  portions  of  it  are  more  or  less  stained  by  a  ferruginous  deposit. 
This  is  by  no  means  a  solitary  case,  many  other  localities  having 
been  noticed  where  quartz  veins,  almost  identical  in  their  general 
features  with  those  met  with  in  the  auriferous  slates,  must  have 
been  formed  during  the  most  recent  geological  epochs.* 

From  certain  phenomena  which  have  been  obser\-ed  in  Cali- 
fornia, it  would  appear  probable  that  in  various  localities  lodes  ami 
other  metalliferous  deposits  may,  even  at  the  present  time,  be  in 
active  pr'jgrress  of  formation. 

One  of  the  largest  deposits  of  sulphur  in  California  occurs 
in  Lake  County,  a  mile  beyond  the  ridge  which  bounds  Borax 
Lake  on  its  ni>rth-eastem  side,  and  is  many  acres  in  extent. 
Tliis  "  Sulphur  Bank  "  is  composed  of  a  much  decomposed  volcanic 
r<>ck.  traversed  by  numerous  fissures,  from  which  gases,  steam,  and 
water,  either  in  the  form  of  spray  or  of  vap:iur,  constantlv  issue ; 
and  throughout  the  entire  mass  sulphur  has  been  deposited  in  such 
large  quantities  that,  at  a  short  distance,  the  whole  appears  to  con- 
sist of  that  substanotv  In  the  imnioiHato  neigliKiurhood  of  this 
Eolfatara  are  springs  which  give  off  carK>nic  acid,  and  of  which 
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be  waters  contAin  carbonates  of  Bodium  aud  ammonium,  cliloridc  of 
'•odium,  borax,  \c. 

The  snlphiir  from  this  locality  contains  a  small  amount  of 
tnoKury  in  the  fonn  of  cinnabar,  and  the  sides  of  the  fissures  in 
the  volcanic  rocks  through  whicli  tlio  gases  and  water  make  their 
ocape  we  soQiefcimes  coated  with  gelatinuus  silica,  beneath  which 
is  *  layer  of  chalcedony  resting  upon  a  stratum  of  crystalline 
quartz,  Tliis  siliceous  deposit  contuins  pyrites  and  a  notuhle  per- 
centage of  cinnabar,  or  is  stained  by  a  tarry  hydrocarbon  ;  while. 
Itlje  crystals  of  quartz  enclose  liquid  cavities  in  which  tlie  usual 
hubbies  are  distinctly  visible. 

In  the  yca,r  1866  I  visited  Borax  Lake  and  the  neighbouring 
Suljibur  Bank  in  company  with  Mr.  R.  Oxland,  wlio  was  the  first  to 
ndl  attention  to  the  presence  uf  cinnabar  in  the  sulpluir  from  tins 
l<«cality  ;  and  in  If^GS  I  published  a  paper  culling  attentiun  to  the 
probability  of  certain  mineral  deposits  having  been  the  result  of 
bydrothermal  or  solfataric  action.^ 

For  some   years   this   sulfatsira   was   worked   as  a  source   of 

Suljibur  only  ;  but  during  these  operations  so  large  an  amount  of 

Utiiiabar  was  discovered,  both  in  tlie  decomposed  basaltic  rock  and 

the  sedimentary  strata  beneath  it,  as  ultimately  to  lend  to  the 

ening  up  of  the  Suljihur  Bank  aa  a  mercury  mine.     This  lias 

ielded  large  quantities  of  quicksilver,  and  atlords  a  striking  and 

astructive  example  of  a  recently  formed  mineral  deposit  resulting 

fruDJ  agencies  apptirently  still  in  operation. 

Many  years  ago,  silver  was  found  in  the  sinter-like  deposit  fix)m 

(hot  spring  in  the  county  of  Colusa;  aud,  previous  t^i  1HG5,  Pro- 

M'lr  Whitney  had  been  shown  at  Dk-ar  Ltike  some  peculiar  and 

itcregting  specimens  of  water-worn  cinnabar  enclosing  specks  of 

old,  said  to  have  been  found  near  Sulphur  Springs  in  the  same 

Tounty.* 

These,  from  being  water-worn,  and  from  not  having  been  found 
»«   mtu,   necessarily  lost  a  certain  portion  of  the   interest   which 
juld   have   otherwi.se  been    attached    to   them.      Mr.    Melville 
llwood,  of  Saucelito,  has  however  furnished  nie  with  a  s])ecinien 
of  cinnabar  from  Colusa  County,  which,  after  having  been  formed 
on  one  of  the  surfaces  of  a  fissure,  had  subsequently  become 
irered  by  a  brilliant  deposit  of  metallic  gold. 
Steamboat  Springs,  in  the  Stnte  of  Nevada,  are  situated  near 


"Note*  on  the  Chemical  Geology'of  the  Gold-fields  of  Ciiliforiiia,"  Phil,  ifng., 
XJtxri.  1888,  p.  821. 
J*  Otological  Snrvfy  (/  CAli/ontia,  vol.  I.  1865,  p.  92. 
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th';  >ifirt';  of  a  v'>Ir;iriic  Iiill  w;Vfcn  rriil»r»,  in  a  direct  line,  north-west 
of  Virj(ini;i  r'ity  and  of  tli';  faraoii»  <nlT<:r  mines  on  the  Great 
('itjn>'.UMk  lyAf-.  Tlir-  rw-k  at  thii«  pla«%  ia  traverser!  by  seversd 
(Kirallfrl  nNHtir<'.H,  wlii<-}i  r-ith'.T  givrr  lsjokt  t'l  heated  waters  or 
Niirif^ly  throw  off  rloud.H  of  steam.  The  most  active  group  of 
\\v:m:  r-nrvic<-H  compn'hcnflfl  five  parallel  longitudinal  openii^ 
t'xU'U'Wtm,  iiiiurly  in  a  straight  line,  for  a  distance  of  about  a 
lliouwuid  yanlH ;  th<-ir  g<'n<;ral  direction  is  nearly  north-east  and 
south -wfMt,  and  all  of  thotu  arc  included  within  a  zone  two  hundred 
yards  in  width.  Thc^y  arc  sometimes  fillt^l  with  boiling  water 
whi'di  ovitHows  in  the  form  of  a  rivulet,  while  at  other  times 
violent,  I'htillition  is  h<.'ard  to  be  taking  place  at  a  short  distance 
lN'lr>w  th<i  Hiirfact', 

'Vht'w  lisNtifcs  ari!  lineal  with  a  silicc  ms  imTustation,  which  is 
Ik'IiiK  rtiriHtutitly  d<>|M)Hit«>d,  while  a  central  longitudinal  opening 
allows  of  f.h<>  cNCHiNt  of  g;usoR,  st<;am,  and  boiling  water.  The 
wuliT  is  nli^hlly  alkulinc,  and  contains  carbonate  of  sodium,  sul- 
|ihai)<  of  Niidimn,  CDniuiou  salt,  &c..  Carbonic  acid  escapes  nearly 
aloiiK  iliK  whole  line,  whih;  sulphurettcMl  hydrogen  is  evolved  and 
«i  niiMill  i|iiuiitit.y  of  Hidphur  deposited  at  certain  pointa  The 
Oeaiiion,  which  n|)|M<ar  t^)  liavo  boon  subjected  to  a  series  of 
(i'|Miili<d  widi<iiiii;rs,  HtK-h  a-s  would  result  from  an  unequal  move- 
101  III  of  tliKJr  wall.M,  arc  lined,  sometimes  to  a  thickness  of  several 
ji'il,  liy  iiiciu>tliilinns  of  sili<-a  of  various  degrees  of  hydration, 
looliiiiiMiH  livdnifcd  ferrio  oxide  and,  cxcijptitmally,  crystals  of 
liiiti  |iviiii<n,  'riiJN  HJIicH  exhihits  the  ribbon-like  structure  so  fre- 
<|iif'iillv  iilMoivcd  ill  iiiitieral  veins,  and,  when  examined  under 
llii>  mil  iii>)i'ii|ii<,  is  Hi'cii  to  oiiusist  of  alternately  amorphous  and 
MVol'illiiiK  liiindM,  ciicloHin^  druses  lined  with  minute  crystals 
o|  i|oiiii' 

At  i»  diilitiicc  iif  iiesnly  a  mile,  in  a  westerly  direction,  from 
(lii>  liii'itlilv  iiliiivi*  ilcMcrilicd  In  an  older  group  of  fissures  in  every 
iiBpii  I  ciiniliii  III  llioHc  of  Stcanilioat  Springs,  except  that  they 
Mill  no  IdiijM-r  liiivciHi'd  hy  hot  water,  although  still  at  various  points 
l<iviii(!  "11  II  lilllc  mIciiih  and  cnrlmnie  acid.  Towards  the  southern 
rtlii'inily  <'f  the  pritieipat  fissure  of  this  group  the  siliceous 
dopiiiil  cxIcimI')  ciiiisideiHMy  Iwyond  the  edges  of  the  cleft,  and 
liim  (iciiiiiiiijiileij  lo  II  ilistiuice  of  many  yards  on  each  side  of  the 
opi'iiiiij;.  'I'Ih' nilicii  nf  this  ileposit  is  sometimes  clialcedonic  and 
oiiiliiiim  iiimIiiIkm  (if  hyalite;  tht>  larger  pro]>ortion  of  it,  however, 
iilllioiigh  Momcwhat  frialtii'.  is  distinctly  orystallinp,  Thecr}'Stalscon- 
liiiii  niiiiuTDU.M  liijuid  «'nv'W.io8, »    '  *.he  usual  optical  and  other 
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clmrarterbtics   of  ordinary  quartz.     Besides   oxides  of  iron  ai 
maugiineiie,  this    quartz  contAins    small    quantities    of  iron  am 
c>>pper  pyrites ;  and  in  a  paper  on  the  Gold  Regions  of  Califonii; 
published  in  1863,  M.  Laur  states  that  lie  had  found  it  to  con 
tinct  traces   of  gold.      With    regard    to    these   deposits, 
tntleman  remarks  that,   so   far   as   auriferous  quartz   veins  are 
concemwl,    Steamboat    Springs    a]>pe;)r    to    place   before    us 
>rt   of    practical    verification    of    tlie   theory   which    regards 
»rtain  class    of    metalliferous   deposits    as   being   produced 
mineral  waters  in  the  fissures  through  which  they  circulate.^ 

For  a  lung  time  local  attention  does  not  appear  to  have  be© 

directed  to  the  Steamboat  Valley  ;  but  in  the  year  1878  one  of  t 

older  fissures  w^as  opened  by  a  tunnel  to  a  depth  of  fifty  feet  from  the 

irface,  and  the  veinstone  was  there  found  so   impregnated  with 

inabar  as  to  yield  a  mercurial  ore  of  some  commercial  value. 

Lt  this  depth  the  temperature  wa.s  not  sufficiently  high  to  cause 

onvenience  to  the  workmen,  and  five  samples  of' the  ore  whi 

?re  subjected  to  assay  gave  an  average  yield  of  2fJ0  per  cent. 

jrcury.    Steamboat  Springs  thus  afford  another  example  of  the 

formation  of  a  metalliferous  deposit  by  the  agency  of  heatei 


Tn  continuation  of  this  subject  it  may  be  mentioned  that  a  deposit 
bright-red  cinnabar  in  a  brecciated  vein  mass  occurs  near  tlie  hot 
ngs  at  Calistoga,  at  the  foot  of  Mount  St.  Helena.     Here  frag^f 
ments  of  an  amorphous  siliceous  rock   are  ceraent.ed  together  by 
CTj'stallizeil  quart.z  showing  <listinct  lines  of  accretion,  throughout 
which  minute  granules  of  sulphide  of  mercury  are  plentifully  dij 
minat^il. 
The  Great  Comstock  Lode  is  situated  in  a  volcanic  district  seve 
,68  south-east  of  Steamlioat  Sjjrings,  has  a  nearly  similar  orient 
on,  and  is  enclosed  between  walls  either  of  diabjise,  or  of  diorit 
on  one  side  and  diabase  on  the  other.     This  vein,  of  which  the 
igue   is  chiefly  siliceous,  although   calcite   is   also   sometimes 
sent,  was  first  attacked  by  the  miner  in  the  year  18.59,  and 
ce  that  time  hjis  yielded  fabulous  amounts  of  silver  and  gold. 
Tlie  temperature  of  the  waters  issuing  from  mines  worked  u]^on 
,e  Comstock  Lotle  has  always  been  high,  but  it  was  not  until  th^y 
attained   a  considerable   depth   below   the   siirface    that   the 
workmen  first  became  inconvenienced  by  extra4irdin!iry  heat.     At 
eir  present  greatest  depth  (above  3,000  feet)  water  issues  from  the, 
k  at  a  temperature  of  157*  Fahr.  (70'  C.) ;  and,  according 
'  Annalet  des  Jfinex,  vol.  iii.  1863,  p.  423. 
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Mr.  John  A.  Church,  who  has  published  valuable  observations  on  the 
heat  of  the  Comstock  Mines,  at  least  4,200,000  tons  of  water  are 
annually  pumped  from  the  workings  at  a  minimum  temperature  of 
135°  Fahr.^  He  also  estimates  that  to  elevate  such  a  large  volume 
of  water  from  the  mean  temperature  of  the  atmosphere  to  that 
which  it  attains  in  the  mines,  would  require  47,700  tons  of  coaL 
In  addition  to  this,  however,  73^9  tons  of  coal  would,  he  calcu> 
lates,  be  required  to  supply  the  beat  absorbed  by  the  air  which 
passes  along  the  various  shafts  and  galleries  through  which  it  is 
diverted  for  the  purposes  of  ventilation.  It  follows,  theref<ffe,  that 
to  develop  the  total  amount  of  heat  necessary  to  raise  the  water 
and  air  circidating  in  these  mines  from  the  mean  temperature 
of  the  atmosphere  to  that  which  they  respectively  attain,  5-5,560 
tons  of  coal,  or  97,700  cords  of  firewood,  would  be  annually 
required. 

Mr.  Church,  in  his  paper,  quotes  four  different  analyses  of 
waters  from  the  Comstock  Lode  taken  at  different  depths.  These, 
as  mi^ht  have  been  anticipated,  vary  somewhat  as  to  the  relative 
proportions  of  the  various  substances  jHresent ;  but  they  contain  on 
an  average  4262  grains  of  solid  matter  to  the  gallon.  Of  this 
amount,  20'74  grains  are  sulphate  of  calcium,  12*13  grains  carbonate 
of  potasrium,  4'85  grains  carbonate  of  sodium,  and  '66  grain  of 
chloride  of  soilium.  In  order  to  ascertain,  approximately,  to  what 
extent  the  pnxluction  of  the  large  amount  of  heat  absorbed  by  the 
water  may  be  ascribe*!  to  oxidation  of  sulphur  and  iron,  Mr.  Church 
first  calculates  the  quantity  which  would  be  developed  by  the 
oxidation  of  p\-rites  equivalent  to  the  calcic  sulphate  in  solution. 
Having  found  that  this  amounts  to  only  yIv  P^^  of  that 
required,  he  subsequently  seeks  another  solution  for  the  diflBculty, 
and,  without  bringing  forward  any  calculations  in  support  of  the 
hypothesis,  attributes  this  enormous  development  of  heat  to  the 
kaoUnization  of  felspar  in  the  aijjacent  rocks. 

This  view,  however  new  and  ingenious,  is  unfortunately  purely 
speculative,  and  in  the  present  state  of  our  knowledge  geologists, 
generally,  will  regard  this  phenomenon  as  a  last  trace  of  volcanic 
activity.  Mr.  Church  addxices  the  high  temperature  of  the  waters 
of  Steamboat  Springs  as  a  proof  that  the  rocks  of  this  region  are 
capable,  by  the  kaolinization  of  fokpar.  of  producing  sufficient 
heat  to  raise  large  quantities  of  wt\tor  to  the  boiling-point ;  but 

'  "  The  Hr«t  of  tb*  Comstock  Mines,''  Traw.  Am-rr.  fHMtttti^  •/  .Vtniit;}  Emgin^irr*, 
Tol.  vii.  1*79,  i».  45.  **  The '.  oiustock  L«x{e  ;  iuFoinutionand  Histotv."  2f«w  Yo^, 
1>79.  p.  1S9. 
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springs  give  rise  to  an  evolution  of  sulphuretted  hydrogen, 
id,  occasionally,  to  a  deposition  of  sulphur,  which  cannot  be  results 
,  Ute  decomposition  of  felspar.     It  is  probitLle  tliat  the  Comstock 
id  the  hot  springs  in  the  Steamboat  Valley  have  had  afl 
lliat  similar  origin,  but,  in  the  case  of  the  former,  volcanic 
»ncies  are  no  longer  sc*  actively  in  operation,  while  botli  sulphur 
and  sinter,  if  originally  present,  have  been  removed  by  denudation. 
There   can   be    no   doubt   that   fissures  and  cavities  have  some- 
tixnes  been  filled  by  infiltration  fruiu  the  eiic!o.sing  rocks,  as  well  as 
oy    the   percolation   from   the   surface.      The  operation  of  these 
agencies  is  jierhaps,  in  most  instances,  extremely  slow,  although 
according  to  R.  Brough  Smyth,  even  g<»ld,  under  certain  conditions, 
i»ikay  bo  dep)sitedin  appreciable  (juantities  within  ooinpfiratively short 
"p^riixls.     This  autiiur  states  that,  in  the   guhl-fields  of  Victoria,^ 
1*i^es  of  higlUy  mineralized  fossil  wood,  taken  from  the  deeper  ^J 
^^•orkinga,  as  well  as  timber  used  for  supporting   galleries,  wliiuh 
Vuid  remained  in  the  mine  for  some  years,  have  exhibited,  under  ^ 
the  microscope,  particles  of  guld  adhering  to  and  intermixed  with  fl 
crystAls  of  iron  pyrites,  all  through  the  centnd  parts  t>{  the  wood.* 
This  is  confirmed  by  Mr.  Ulrich,  who  says  that  in  the  guld-drifta 
pyrites  is  often  found  iucrusting  or  replacing  roots  and  driftwood, 
and  that  siimples,  assayed  by  Messrs.  Daintree,  Latta,  and  New- 
berry, have  yielded  amounts  of  gold  varying  from  a  few  penny- 
weights  to   several   ounces  per   ton.      According  to  Mr.   H.   A. 
Thompson,  a    specimen   of  pyrites   from    the   centre   of   an   old 
tree-trunk  gave  by  assay  above  30  oz,  of  gold  per  ton.* 

OiyKsis  or  MiSERAi  Vsms. — The  origin  of  metalliferous  veins  is 
a  subject  which  hfis  long  occupied  the  attention  of  geologists,  and 
various  theories  have,  at  different  times,  been  framed  with  the 
object  of  explaining  the  causes  which  have  led  to  their  formation.     H 

Little  is  said  up<5n  this  subject  by  Greek  and  Latin  authors  when 
referring  to  mines  and  minerals.     Diodorus  Siculus,  however,  who 
lived  and  wrote  during  the  first  jears  of  the  Christian  era,  states  ■ 
that  the  mountains  of  Spain  are  traversed  by  metalliferous  veins. 

Pliny,  whose  death  is  supposed  to  have  taken  place  a.d.  79,  tells 
us  in  the  thirty-third  Book  of  his  Natural  Hist*iry  that  gokl  is  j 
found  in  mountainous  districts,  and  that  veins  pruducing  it  traverse' 
the  rocks  in  different  directions,  and  often  appear  in  the  walls  orj 
les  of  wells.     He   further   informs   us   that   if  a  lead   vein  l)e 
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'Tbe  Gold  fields  and  JlincrnJ  Districts  of  Victoria,"  Melbourne,  18«9,  p.  74. 
ed  R.    C.   Selwyn   and   Gcorj;c   H.    F.   Uliich,    "Notes   ua  the   Pliysictlj 
liy.  Geology,  ind  Mineralogy  of  Victoria,"  Melbourne,  18M,  p.  66. 
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allowed  to  remain  for  some  time  unworked,  air  being  at  the  same 
time  freely  admitted  into  the  mine,  a  fresli  growth  of  lead  ore  will 
take  place  and  the  lode  will  become  even  richer  than  before. 

Werner,  in  his  New  Theory  of  the  Origin  of  Veins,  has  given 
a  concise  history  of  the  older  views  on  this  subject,  of  which  a  brief 
summary  may  not  be  without  interest.^ 

Georgiiis  Agricola,  whose  real  name  was  Bauer,  and  who  was 
bom  in  1 494  at  GL-iuchau  in  the  Saxon  Erzgebirge,  treats  of  the 
position  and  crossing  of  lodes  in  the  twenty-fourth  chapter  of 
his  Bermnnnim,  and  at  still  greater  length  in  his  great  work  Dt  Be 
Metadlica  (155G).  In  the  third  chapter  of  the  third  bix)k  of  his  work 
De  Ortu  ft  Cangis  SuJ'/<Trancorum  (154G),  Agricola  treats  of  the  for- 
mation of  veins.  He  supposes  the  fissures  in  which  they  are  found 
to  have  been  formed  partly  at  the  same  time  as  the  enclosing  rocks, 
and  partly  afterwards  by  the  waters  which  penetrated  into  them. 
With  respect  to  the  clays  and  stones  constituting  portion.s  of  met- 
alUferous  veins,  he  conceives  the  former  to  have  resulted  from  the 
abrasion  of  neighbouring  rocks,  nud  t«  have  been  carried  into  the 
vein  fissures  by  water  ;  the  latt«r  he  reganls  as  resulting  from  the 
clayey  or  earthy  matters  which  have  become  hardened  partly  by 
the  effects  of  heat  and  cold,  and  jmrtly  by  a  "  lapidific  juice." 
Minerals  and  metals  he  regards  as  being  deposit^'d  from  solution  ia  ^ 
water,  and  he  considers  the  then  prevalent  belief  that  linles  are  of  H 
the  same  age  as  the  globe  itself  "  an  oj>inion  of  the  \Tilgar.'* 

Rossler,  who  died  in  1G73,  also  reganied  veins  as  fissures 
previously  existing  in  the  rock  and  subsequently  fiUed  with 
minerals.*  M 

Becber  (1669)  ascribes  the  formation  of  metals  and  minerals  to  ■ 
subterranean  vapours  penetrating  the  veins  ami  producing  a  peculiar 
vhange  in  their  earthy  and  stony  constituent-s.* 

Henckel  (1725)  attributes  the  fonuation  of  the  cont.ents  of 
veins  to  a  peculiar  exhalation  produced  and  engendered  by  a 
"  fermeiitation  "  supposed  to  take  place  in  the  interior  of  rocks.* 

Hoft'man  (1738)  supjxtses  hxles  to  have  been  formed  in  the 
fissures  of  rocks,  but  speaks  of  this  as  being  an  hypothesis  only.*        ■ 

'  A.  O.  Werner,  "Neae  Thcorie  von  dor  EnUtehnng  dor  Ciingc,"  Freiberg,  1791. 
An  Knetinh  IrnnsUtion  of  this  liook  by  Charles  Anderson,  M.D.,  wns  published  ut 
Edinburgh  in  1800. 

'  B.   Kftssler,   "Spfcnlutn    metnUnrgiie  politissinium,   oder  hellpolierter    Berg- 
bitu.'ipii'gel,"  Dreadon,  1700. 

»  J.  .F.  Bocher,  "  Physira  Snbtcrranen."  Frunkfnrt,  1869. 

*  .T.  F.  Henckel,  "^y^itoIopa  fwler  KieKhi9tori«,"  Lfipzig,  l72.'>.     An  English 
trnnRlation  of  thin  work  «»«  pnb|i.<ih<><l  in  I."ndnn  in  1757. 

'  J.  O.  llon'mnn,  "  Dc  Malricibiis  Meullorc      "  "    '     '•<;  1*38. 
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Zimtnerman  (1746)  considers  veins  and  the  minerals  of  which 
hey  are  composed,  to  have  been  produced  by  a  transformation 
the  substance  of  the  enclosing  rocks;  this  alteration 
sing  assisted  by  certain  stdine  substances  which  prepare 
1<1  render  the  earthy  matters  capable  of  being  changed  into 
istallil'erous  minerals  and  their  accompanying  veinstones.^ 

Von  Oppcl   (1749),  formerly  Captain-General  of  the  mines  of 
Kony,  admits  without  reservation  that  veins  were  formerly  fissures 
it\    the  rock  which  were  afterwards  filled  with  mineral  substances 
Wf  a  different  nature  from  the  surrounding  nx^k." 

Lehmann  (1753)  is  of  opinion  that  veins  are  fissures  which  have 
t>een  fiUwl  by  nature  with  stones,  minerals,  metals,  and  clay,  and 
t.liat  they  appear  to  be  the  branches  and  shoot*  of  an  immense  trunk 
■place*!  at  a  iirodigious  depth  in  the  bowels  of  the  earth.  From  this 
central  workshop  where  nature  carries  on  the  manufacture  of  the 
^Baetals,  the  metalliferous  constituents  of  lodes  have  issued  in  the 
^torm  of  "  vapours  and  exhalations."  ' 

Dehus  (1770)  considers  vein  fissures  to  be  rents,  which  have 
?cn  since  filled  up,  caused  by  the  drying  of  the  rocks.  He  is, 
loreover,  of  opinion  that  rain,  having  penetrated  the  substance  of 
le  c^Mintry  rocks,  has  dissolved  or  suspended,  and  afterwards  carried 
ito  the  rents,  the  different  materials  which  liave  served  as  a  base 
9T  the  formation  of  the  gangue  and  various  associated  ores.* 

Baumer  (177f))  states  that  veins  differ  both  in  form  and  substance 
from  the  stmta  in  which  they  occur.  Their  formation  he  considers 
to  be  posterior  to  that  of  the  rock  traversed  by  thein,  and  they  ap- 
pear to  have  been  formed  under  the  sea,  as  they  are  often  covered 
by  beds  of  schist,  and  marine  animals  are  sometimes  found  in  them 
a  fossil  state.* 

Gerhard  (1781)  beheves  vein  fissures  to  have  been  produced  at 

rery  different  pcrio<is  of  time,  and  is  disposed  to  thiiik  that  "  sub- 

■^rraneous  fennentations  "  may  have  contributed  to  their  formation. 

te  supposes  further  that  water  penetrating  the  country  rock  dis- 

)lve8  certain  substances,  and  afterwards  passing  into  vein  fissures, 

here  deposits  the  minerals  which  it  previously  held  in  solution. 

xese  minerals,  he  is  of  opinion,  existed  originally  in  the  adjacent 

fks,  and  have  been  carried  in  a  state  of  aqueous  solution  into  tlie 


'  C.  F.  Zirnmemian,  "ni>er-.''ScIiKi8che  Bergnkndpmie,"  Dresden,  1746. 

'  y.  Opnel,  "  Anleitong  isTir  Mnrkscheideknnst,"  Drt'silen,  17-19. 

»  J.  G.  Lehmann.  "  ALlinn-lImig  von  den  Metallnmtb  rn,"  l!«rliti.  1753. 

*  C,  T.  Delius,  "  AliliiimDiiDK  von  dt^n  Urs)iriiii>?<-  der  Cr-hirpp,"  Leipzig,  177<'.    _ 

*  J.    O.    Banincr,    "  Fiindamenta   Geogrnphia;   ct    Ilydrogrniihiio   »nbtein»iif»'i 
»tlik,  I77». 
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fissiu^s,  where  they  are  now  found  in  the  form  of  metalliferous 
veins.  ^ 

Von  Trebra  (1785)  does  not  appear  to  have  possessed  any  very 

definite  ideas  on  the  subject  of  metalliferous  veins,  but  ascribes  their 
origin  mainly  to  the  action  of  "  putrefaction  and  fermentation." 
He  appears  to  regard  the  two  terms  as  synonymous,  and  subsequent- 
ly defines  the  latter  as  "  the  quality  which,  acting  by  insensible 
degrees,  produces  the  m<jst  perfect  transformation  in  the  bowels  Q^^ 
the  earth."  »  ^H 

Lasius  (17fi9)  considers  veins  to  have  been  formed  in  rents  pro- 
duced by  revolutions  of  nature,  and  these  he  believes  to  have  been 
afterwards  filled  with  water  containing  carbonic  acid,  which  thus 
acquired  the  property  of  dissolving  various  earthy  and  metallic 
matters  contained  in  the  rocks  throiigli  which  they  percolate*!. 
These  substances  were  afterwards  precipated  by  certain  other  b»xliea 
in  the  fissures  in  which  they  are  now  found.  He,  however,  is  not 
clear  as  to  whether  the  metallic  particle.>;  were  already  present  in 
the  substance  of  the  rock,  or  were  formed  in  them  by  the  action  of 
water  upon  minute  "metJillic  seeds."* 

Werner  (1791),  in  hi.swork  on  the  formation  of  veins,  pmpounds 
at  considerable  length  his  views  u]Kin  this  subject,  and  of  the-se  the 
following  may  be  regarded  as  being  a  brief  abstract.  Ail  true  veins 
were  originally  open  rents,  which  were  afterwards  filled  with 
mineral  matter  from  above. 

Rents  or  fis.sureij  may  have  been  produced  by  various  cau.ses. 
Mountains  have  been  formed  by  a  successive  accumulation 
of  diftVrent  beds  u]vnn  one  another  ;  the  resulting  mass  w;i8  at  first 
wet  and  pos.sessed  little  solidity  or  coherence,  so  that  when  the 
accumulation  had  attained  a  certain  height  it  yielded  to  its  weight, 
sank,  and  cracked.  In  proportion  as  the  waters  which  had  pre- 
viously assisted  to  support  such  an  accumulation  had  partially  retired,  ^ 
the  masses,  losing  their  previous  support,  yielded  to  the  action  of  fl 
gravitation,  and  portions  of  the  mountain  thus  became  detached, 
falling  to  the  "free  si<le,"  where  the  least  resistance  was  opposeil. 
The  cracking  of  a  mountain  ma.ss  by  desiccation,  by  earthquakes, 
or  by  other  similar  causes,  may  also  have  contributed  to  the  for- 
mation of  rents  of  this  character. 

The  same  precipitation  which  in  the  humid  way  formed  the 
strata  and  beds  of  the  rock,  also  furnished  the  substance  of  mineral 
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'  C.  A.  fJorliftril,  "neschiclitc  dps  Miiipnil-Rri.lis,"  Bi-rlin,  1781. 

•  F.  W.  H.  T.  Trehm.  "  Ki fnhniiigiMi  voii  Inneni  dcp  fJrhirKi","  Deasun.  1786. 

*  0.  0,  8.  Latdiu,  "  £teobachtuii^i>n  iibcrdie  llarxgebir^e,"  Hnnovef,  1780. 
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veins.  Tin's  took  place  during  tlie  jrK?ri(xl  the  solution  from  which 
the  precipitate  was  flc'|K)sit.e<l,  covered  the  already  existing  tissures 
the  upper  portions  of  which  were,  as  yet,  open,  and  wholly  or  in 
part  empty. 

The  various  theories  which  have  at  different  times  been  brought 
forward  to  account  for  the  formation  of  metalliferous  veins,  admit 
of  being  classified  as  follows : — 

1.  Theory  of  Contemporaneous  Formation. 

2.  „  Igneous  Injection. 

3.  „  Electric  Currents. 

4.  „  Aqueous  Deposition  from  above, 
o,  „  Sublijnatioii. 

6.  ,,  Lateral  Secretion, 

7.  „  Ascension, 


1.  Thc<yry  of  Cantemporantrnts  Fonnaiion. — This  theory  supposes 
that  mineral  veins  originated  contemporaneously  with  the  enclosing 
rock,  and  they  are  regarded  as  mere  accidental  phenomena  governed 
by  no  fixed  laws  of  formation.  This  hyiwthesiH  is  at  variance  with 
all  known  facts  relating  to  the  subject,  and  may  consequently  be 
dismissed  without  further  consideration. 

2.  Theory  of  Jijncvus  lujedion. — According  to  this  theory,  which 
is  generally  adopted  with  regard  to  dykes  of  igneous  rocks,  the 
con.<«tituent.s  of  metalliferous  veins,  under  the  influence  of  intense 
beat  and  pressure,  and  when  in  a  more  or  less  fluid  state,  have  been 
ejected  from  below  into  cracks  and  fissures  in  the  superincumbent 
strata.  Examples  of  the  occurrence  of  metalliferous  matter  dissem- 
inated through  eruptive  rocks  are  by  no  means  uncommon,  but  this 
theory  entirely  fail.s  toaccoimt  for  many  of  the  commonest  and  most 
characteristic  phenomena  wliich  are  observed  in  connection  witli 
mineral  veins.  The  comby  stnicture  of  lodes,  and  the  changes  which 
occur  in  their  character  when  they  pass  from  one  series  of  rocks 
into  another,  ai'e  not  only  quite  incapable  of  explanation  by  this 
theory;  but,  moreover,  had  veins  been  generaDy  thus  formed,  a 
tendency  would  j>robably  have  been  manifested  by  the  heavier  ores 
and  metals  to  arrange  themselves  in  the  lowest  portions  of  the  lodes 
in  which  they  occur. 

The  veins  of  I^ake  Superior,  which  annually  jneld  .nuch  Iai]ge 
quantities  of  native  copper,  have  been  cited  as  aQording  exami>les 
of  veins  produced  by  igneous  ejection  ;  but  metallic  copper  is  there 
found  associated  with  chemically  pure  silver,  whereas,  had  the  veins 
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been  the  result  of  igneous  fusion,  an  alloy  of  the  two  metals  would 
certainly  have  been  formed.^  In  the  same  region  crystals  of  chemi- 
cally pure  silver  deposited  on  the  surface  of  masses  of  native  copper 
are  by  no  means  of  unfrequent  occurrence.  In  these  lodes,  moreover, 
native  copper  is  found  enclosed  in  crystals  of  calcite  and  in  other 
minerals,  where  it  must  evidently  have  been  deposited,  with  the 
other  constituents  of  the  crystalline  mass,  from  aqueous  solution. 

There  is,  however,  distinct  evidence  that  many  igneous  rocks 
contain,  disseminated  through  them,  minute  quantities  of  various 
coinpouuds  of  the  heavy  metals,  and  that  in  some  cases  these  have 
been  dissolved  out  and  the  metals  again  thrown  down  in  such  a  way 
ns  to  form  valuable  metalliferous  deposits.  The  so-called  mullock 
reins  of  Australia  and  elsewhere  are  examples  of  eruptive  dykes 
which,  having  become  decomposed,  the  originally  disseminated  gold 
and  silver  have,  with  quartz  and  other  minerals,  been  deposited  in 
the  joints  and  fissures  of  the  rock. 

Although  unaltered  dykes  of  this  kind  are  not  often  sufficiently 
rich  to  be  classe<I  with  metalliferous  deposits,  it  is  by  no  means  im- 
probable that  richer  intrusions  may  exceptionally  occur,  and  that 
some  of  the  so-called  eruptive  lodes  at  Schemnitz  and  other 
loojdities  may  directly  owe  their  origin  to  eruptive  agencies. 

3.  Thiorj/  of  Electric  Currents.— }lr.  R.  W.  Fox  after  having 
ascertainevl  the  existence  of  electric  currents  in  many  of  the  metal- 
liferous veins  of  Cornwall,  suggested  the  probability  of  this  force 
having  acted  on  various  metallic  chlorides  and  sulphides  dissolved 
in  the  waters  traversing  vein  fissures,  in  such  a  way  as  to  deter- 
mine the  njotlo  of  the  distribution  of  the  ores  therein.  He  also 
oudeavourotl  to  account  for  the  prevalence  of  an  easterly  and 
wostorly  dir^vtion  in  the  princijxU  lodes  of  Cornwall  by  their 
poisition  in  relation  to  the  earth's  magnetism. 

Weighty  objtvtions  to  this  theory  have,  however,  been  pointed 
out  by  W.  J.  Henwood  and  others,  and  observed  facts  appear 
to  indiv*ate  that  the  general  direction  of  veins  differs  so  entirely 
iu  ditfervnt  mining  districts  that  their  course  probably  depends 
rather  on  lino*  of  fracture,  pnxluoed  by  plutonie,  volcanic,  <Mr  other 
agviKno><,  than  ou  the  ai'tion  of  electric  oun^nts.  Professor  Reich, 
who  rv].vat«\l  the  exjvriments  of  Fox.  al<o  obtained  a  dedection  of 
the  magnetic  utVvUc  when  he  cvnincctcvi  two  portions  of  the  same 
Kxle  by  mc!»n$  of  cv^ndiicting  wirv*.  Ho.  howrvvr.  very  clearly 
explains  this  as  the  cdVvl  of  the  cv»ntact  of  v;iricus  ores  oonipiging 
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'  *'jlat  ed  bunches,  separated  by  sterile  veinstone  which  acts  as  a  moist 

cimduclor.     By  cuanectiug  jwints  free  from  ore,  Reich  was  unable 

to  ubtuin  the  slightest  deviation  of  the  needle,  and,  although  the 

»'\i».'micul  changes  which  are  continually  talking  place  in  exposed 

mas»is  of    ore   give    rise    to    electric    currents,   it   by   no   means 

follows  that  the  original  distribution  of  the  same  ore  was  due  to 

"    iigency  of  electricity. 

i.  Tlutn-y  of  Atpumui  Deposition  frotn  above. — This  was   first 
advanced  by  Werner,  who  supposes  the  contents  of  mineral  veins 
k)  have  been  de|Kisited  from  metalliferous  solutions  which  flowed 
from  above  into  the  fissures.     If,  however,  fluids  containing  metal- 
liferous substances  at  any  period  actually  covered    the   surface, 
flicrv;  would  apjx-arto  be  no  reason  why  they  should  have  dejXisited 
fiic-ir  contents  in  tissures  rather  than  elsewhere.     Besides  which, 
if  the  deposition  of  vein  matter  took,  place  in  the  way  supposed, 
Wo  might  expect  to  find  at  least  some  portion  of  the  veinstone 
stnjtjliwi  borizontitlly,  which  in  true  veins  is  never  seen  to  be  the 
case.    Many   conclusive   reasons   against   the   ideas   promulgated 
t»y  Werner  might,  if  necessary,  be  brought  forward,  but  his  views 
^'V'itli  regard   to  the  origin  of  veins  have  long  cejised  to  carry  the 
'^ight  oDce  attached   to  them,  and    are    now    very    generally 
adoned. 

Mr.  Wallace,  in  his  work  on  TTie  Laws  which  Jlegulate  the 
-fhpogUion  of  Lead  Ore  in  Vcins,''^  which  laws,  although  having 
**pi'cial  reference  to  the  Alston  Moor  district,  are  advance<l  by  him 
«i*  explainiug  ore  dejwsita  in  veins  generally,  appears  to  adupt  to 
some  extent  the  views  of  Werner  with  certain  additions  and  rnotli- 
fiuilions.  He  states  that  all  the  lead  veins  of  that  part  of  England 
most  productive  where  furthest  removed  from  seats  of  phi  tonic 
a<:tion,  the  richest  deposits  being  in  the  upper  part,  of  the  Car- 
Iwniferous  Limestone  where  no  igneous  rooks  are  found,  and  that 
there  is  nothing  in  that  district  to  support-  the  theory  that  lead  ore 
is  due  either  to  exhalations  from  below  or  to  matter  injected  in  a 
fluid  state  among  the  consolidated  sedimentary  rocLs.  On  the 
contrary,  he  thinks  a  more  probable  cause  of  the  deposits  of  lead  ore 
in  Alston  Moor  may  be  traced  to  segregations  resulting  from 
the  decompoiiition  of  the  wall  rocks  of  the  veins  in  wliich  lead 
ore  is  found. 

In  a'lopting  the  doctrine  of  segregation,  he  proposes  to  combine 
it  with  another  cause  without  which  there  would,  he  believes,  be 

'  W.  W*n*<«.  ••  The  Iav»  which  RoRuUte  the  DeposiHon  of  IjfAi  Ore  in  Vein*  j 
IIiu*tr»i«d  hj-  the  Miuiiig  Districts  of  Alutoii  Mo.  r,"  Loadoii,  1861. 
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no  important  deposit  of  minerals,  namely,  that  of  recent  atmoi 
plieric  agencies.  Witliout  the  pa-ssage  of  large  bodies  of  wat* 
derived  from  tbe  rainfall  of  the  district,  from  the  smface  do 
wards,  and  their  free  circulation  in  the  veins,  he  maintains  ih 
the  conditions  would  not  be  favourable  to  the  deposit  of  mineral 
He  states  also  that  in  all  cases  such  deposits  are  found  only  whe 
fliads  jjerculate  freely  from  the  surface  and  circulate  through  th 
veins,  and  that  such  conditions  only  occur  in  strata  situated 
moderate  depths,  and  at  a  considerable  distance  from  the  surfai 
watershed.  He  believes  the.se  agents,  combined  with  electrici 
action,  to  have  been  the  means  of  extracting  the  minerals  from  the 
neighbouring  rooks,  that  this  operation  is  still  in  progress,  and  tii 
the  filling  of  vein  fissures  has  been  entirely  accomplished  sini 
tbe  Glacial  period. 

The  theory  of  aqueous  deposition  from  alwve  has  still  more' 
recently  been  advocated  by  Professor  Stewart  of  Nevada,  but 
Mr.  J.  S,  Newberry  who  has  devoted  a  long  time  to  the  study  of 
the  ore  deposits  of  tbe  Western  States  of  America,  considers  thai 
this  theory  is  not  only  not  sustained,  but,  on  the  contrary, 
is  disproved,  by  the  statements  brought  forward. 

5.  Thtory  of  Sublimation. — AccorJing  t^  the  theory  of  sub- 
limation, vein  fissures  were  filled  by  tlie  voLitili/jitiun  of  metal- 
liferous minerals  derived  from  the  ignited  interior  of  the  glol 
Diirocher  ^  considers  the  unequal  distribution  of  the  ores  in 
l(.)d(  a  as  strongly  confirmatory  of  the  hypothesis  of  their  formation 
by  this  agency.  He  believes  that  ores  can  only  have  been 
distributed  by  the  action  of  currents  of  dissimilar  gases  or  vapou 
circulating  through  the  fi.ssures  in  the  veinstone.  Of  these  h( 
distinguishes  two  kinds,  namely,  metallic  vapours,  hnmuUions 
viotrircs,  and  vapours  of  sulphur  and  otlier  mineralizers,  which  he 
designates  dmanntions  Juratn'r.rn.  These,  when  they  circulate 
through  dill'erent  fissures  without  meeting,  or  through  the  sami 
fissures  at  different  periods,  produce  no  result,  but,  when  they  meet 
together,  give  rise  to  various  metalliferous  deposits.  Numerous 
experimenters  have  shown  the  possibility  of  producing  by  such 
means  many  of  the  ores  which  occur  in  uietalliferrms  veins  and 
deposits  of  magnetite  and  specular  iron  ore  produced  by  the 
decomposition  of  chlorides  of  iron  by  waterj*  vapour  in  the  fissures 
of  volcanic  rocks,  afford  well-known  examples  of  the  natural 
production  of  minerals  by  reactions  of  this  class. 

Plattner  long  ago  observed  the  furmation,  by  sublimatiLin,  of 
'  CampU/i  retiduf  dt  l'A«uUmU  de*  Seitnert,  vol.  atxviii.  1849,  p.  607. 
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magnetite  and  galena  in  the  Freiberg  furnaces,  and  Daubrde '  has 
ftncoeeded  by  the  aid  of  chlorine,  fluorine,  &c.,  in  producing  by 
Ibblimation  tin  oxide  and  oxide  of  titanium.  Similar  results 
■ere  obtained  by  Durocher,  who  passed  metallic  vapours,  &c.,  through 
•eated  glass  tubes,  and  thus  caused  the  formation  of  blende, 
pyrites,  galena,  and  other  various  metallic  sulphides,*  Evidence  in 
^vuur  of  the  theory  of  .sublimation  has,  by  some  geologists,  been 
hpposcd  to  be  furnished  by  the  position  of  metalliferous  particles 
Bmnd  on  the  under  sides  of  crystals  lining  the  walls  of  certain 
fcdes,  as  at  Nagyag,  in  Transylvania,  where  metallic  arsenic  has 
wen  deposited  on  the  lower  faces  only  of  crystals  of  diallogito. 

Such  phenomena  are,  however,  of  comparatively  rare  occur- 
rence, and  will  in  no  way  account  for  the  existence  of  the 
■arthy  minor^ds  which  constitute  the  larger  proportion  of  the 
■lUng  of  nearly  all  large  veins.  It  is  impossible  also  to  account 
By  tliis  means,  either  for  the  variations  which  take  place  in  the 
■baracter  of  lodes  on  passing  from  one  rock  into  another,  or  for 
■lany  of  the  complicated  phenomena  exhibited  by  veins  at  their 
Bitergections  with  one  another. 

r  In  the  case  of  some  irregular  deposits  where  large  masses  have 
become  impregnate*!  by  a  metalliferous  mineral,  as  especially 
exemplified  in  certain  mercury  mines,  it  is  perhaps  not  improbable 
lliat  the  diffusion  of  the  ore  may  have  been  partially  effected  by 
sublimation.  The  deposition  of  cinnabar,  iron  pyrites,  and  even 
gold,  from  the  mingled  steam  and  water  of  some  of  the  geysers  of 
Cahfornia  would  indicate  the  possibiUty  of  such  impregnations 
iking  place,  but,  in  the  present  state  of  our  knowledge  of  the 
iabject,  it  would  appear  improbable  that  the  silica  which  usually 
forms  so  large  a  proportion  of  veinstones,  and  frequently  occurs 
in  combs  of  interlocking  crystals,  should  have  been  deposited 
other^visc  than  from  aqueous  solution.  It  ia  therefore  probable 
that,  altho\igh  sublimation  may  sometimes  have  contributed  to  the 
imprt.'ignation  of  rocks  by  cinnabar  and  other  minerals,  its  action 
must  have  been  of  secondary  importance  in  the  formation  of 
regular  metalliferous  veins. 

6.  Theory  of  Lateral  Secrdwn. — This  theory  teaches  that  watci 
rcolating  through  the  country  rock  has,  by  the  aid  of  carbonic  acid 
and  other  natural  solvents,  dissolved  out  of  it  all  the  materiiUs 
now  forming  the  constituent*  of  mineral  veins.     Deliiis,  Gerhard, 
Lasius  held  that  this  explanation  was  that  most  in  accordance 

«  Comp.  rtnd.,  vol  rxix.  1849,  p.  227. 

»  Comp,  rmd.,  toL  xxxiL  1861,  p.  828 ;  vol.  ilit  1856,  p.  850. 
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with  observecnacte,  and  more  recently  Bischof  endeavoured  to 
found  this  hypothesis  upon  more  scientific  grounds.     He,  however^ 
appears  to  have  failed  to  seek  for  the  constituents  of  the  diflferei 
ores,  found   in    veins,  in   the    surrounding   rocks,   but   suggei 
the   possibility  of  their  being  found  there  if  sought  for,    at  thi 
same  time  remarking   that  the   proof  of  this   was   nevertheless 
wanting. 

About  the  year  1873,  Professor  Sandherger,  of  the  University 
of  Wiirzburg,  began  to  direct  his  attention  to  a  chemical  examina- 
tion of  the  relations  existing  between  the  mineralogical  contents 
of  mineral  veins  and  the  nature  of  the  rocks  which  they  traverser 
Although  some  of  the  more  common  heavy  metals  had  previoui 
been  discovered  in  various  crystalline  and  other  rocks,  thii 
was  the  first  systematic  attempt  to  study  the  effects  produced 
upon  veins  by  the  country  rock  through  which  they  pass.  For 
the  purpose  of  this  investigation  the  north-eastern  portion  of 
the  Black  Forest  in  the  neighbourhood  of  Schapbach,  Wittichen-i 
Reinerzau,  and  Wolfach,  was  selected,  this  being  a  district  ^H^| 
which  the  Professor  had  been  long  and  intimately  acquainte^^ 
The  lodes  in  this  region,  although  situated  at  short  distances 
only  from  one  another,  exhibit  very  remarkable  differences,  which 
are  most  strongly  marked  on  their  passing  from  one  description 
of  rock  into  another;  the  same  change,  although  in  a  less 
degree,  however,  is  also  noticeable  on  the  passage  of  a 
from  one  variety  of  gneiss  into  another  somewhat  differing 
it  in  character. 

Quantitative    analyses    were    carefully    ma^le    of    ores,   vein 
stones,  and  country  rocks,  the  latter  being  subjected  to  general 
analysis.     These  investigations  resulted  in  the  derivation  of  the 
veinstones   from  the  country  rock  being  clearly  established,  but 
the  origin  of  the  associated  metalliferous  minerals  still  remained 
without   explanation.    As,   however,   it   became   more   and  more 
e\'ident   that   substances   so   constantly  associated    as    ores    and 
veinstones  must   have   had    a   common  origin,  a  new  method 
investigation  was  finally  adopted.     Instead  of  operating  upon 
large  quantity  of  rock,  and   making  a  general  analysis  of  it,  as 
had    been    done  by   Forchhammcr,    the   crystallized    constitue 
silicates,  such    as    olivine,    augite,   hornblende,   and    mica,   w( 
carefully  isolated  and  subjected  to  analysis,  the  quantity  treai 
in  each  case  being  not  less  than  ten  grammes.      In   this  wj 
with  the  exception  of  tellurium,  gold,  and  mercury,  which  from 
want  of  the   necessary  appliances  were  not  sought  for,  all 
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elemeuts  usually  oecun-ing  in  metalliferous  veins  were  found   in 
appreciable  quantities. 

The  cause  of  the  differences  which  occur  in  the  contents  of 
▼eins,  which  although  near  one  anotlier  traverse  different  rocks, 
w«s  also  explained  to  the  satisfaction  of  the  investigator,  who 
subsequently  satisfied  himself  that  the  heavy  metals  occur  in  the 
silicates  of  crystalline  rocks  of  every  geological  age.^ 

Santlberger  has  since  extended  his  investigations  over  very 
ooDsiderable  areas,  and  has  thus  been  enabled  to  arrive  at  certain 
general  and  very  important  conclusions.  In  the  case  of  olivine, 
augite,  hombloude,  or  mica,  from  ten  to  twenty  grammes  will 
be  found  a  sufficient  amount  for  quantitative  analysis.  In  olivine, 
iron,  nickel,  copper,  and  cobalt  were  constantly  recognized,  but 
the  latter  metal  in  very  small  quantities.  The  same  may 
be  said  with  regard  to  augites,  especially  those  of  the  gabbros, 
diabases,  melapbyrea,  augite-porithyries,  augite-andesites,  and 
baaalts.  Copper,  cobalt,  and  iron  ucour  in  the  augite  of  these 
rocks  in  notjible  quantities,  and  nickel,  lead,  tin,  and  zinc  are  also 
finequently  present.  Antimony  and  arsenic  have  hitherto  been 
detected  in  certain  locahties  only,  but  when  present  these  metals 
are  generally  found  in  considerable  quantity,  as,  for  example,  in 
the  diabases  of  St.  Andreasberg  in  the  Harz,  in  which  antimony  is 
associated  with  lead.  Hornblende  from  the  older  hornblendic  rocks 
constantly  contains  copper,  arsenic,  and  cobalt,  nnd  along  with 
these  very  distinct  indications  of  nickel.  Hornblende  from  the 
more  recent  rocks  contains  the  same  metals,  but  in  addition  to 
them  lead,  antimony,  and  tin,  with  occasionally  zinc  and  bismuth. 
The  largest  number  of  hitherto  undetected  heavy  metals  is, 
however,  found  in  micas,  the  researches  on  this  group  having  been 
carried  so  far  that  they  may  now,  to  some  extent,  be  classified 
in  accordance  with  the  preponderance  of  certain  metallic  elements. 
All  lithia  micas,  even  when  derived  from  the  most  varied  localities 
both  in  Europe  and  America,  are  stanniferous,  and  they  usually 
also  contain  arsenic,  copper,  bismuth,  and  sometimes  uranium. 
True  muscovites  are  the  micas  poorest  in  heavy  metals,  although 
copper  is  seldom  entirely  abs(;nt.  The  black  micas  from  the  older 
gneiss  of  the  Erzgebirge,  contain  arsenic,  lead,  zinc,  and  a  httle 
copper,  and  the  same  applies  to  those  of  the  southern  Black  Forest, 
while  the  black  mica  from  the  Spessart  contains  copper,  cobalt, 
nickel,  and  bismuth.     Arsenic,  lead,  and  zinc  are  found  in  the  dark 

L      '  FiJUolia  SwiiHwrger,  "  Untewuchnngon  Qber  Entgange,"  Tart  I.  p.  23. 
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mica  from  the  propylite  of  Scbemnitz,  and   in   the   rubellan  of 
TPohna,  near  the  boundary  of  Saxony  and  Bohemia. 

Attention  is  called  by  Sandberger  to  the  fact  that  both  baryta 
and  limu  are  present  in  various  felspars  as  well  as  in  the  minerab 
with  which  they  are  associated,  and  that  fluorine  occurs  in  many 
micas.  The  decomposition  of  such  minerals-will  therefore  yield  tbe 
materials  for  the  formation  of  many  varieties  of  veinstone,  while 
the  liberated  silica  will  be  deposited  in  the  form  of  quartz. 

Organic  matter  is  sometimes  present  in  considerable  quantities 
in  metalliferous  veins,  not  only  in  the  form  of  carbonic  acid,  bnt 
also  as  graphite  and  anthracite,  as  at  Schueeberg  and  elsewherei 
It  also  occurs  as  the  colouriug  matter  of  fluor  spar  and  of  smoky 
quartz.  This,  it  is  argued  by  the  supporters  of  the  theory  of 
lateral  secretion,  will  be  found  whenever  the  amount  originally 
present  has  been  more  than  sufficient  to  transform  the  metallic 
sulphates  into  sulphides,  &c. 

Lodes  however  occur  not  only  in  crystalline  rocks,  but  also  in 
semi-ciystalline  strata,  &c.,  and  according  to  this  theory  the  ores 
of  such  veins  may  be  derived  from  three  sources,  namely,  from  the 
incompletely  decomposed  remains  of  metalliferous  silicates  derived 
from  the  original  crystalline  rocks,  from  solution-products  of  older 
veins,  and,  finally,  under  special  circumstances,  from  traces  of  the 
metals  which  are  contained  in  sea  water.     Tlie  last  source  vill 
probably  have  directly  supplied  only  a  Umited  number  of  deposits. 
It  has  however  been  shown  that  the  fresh  mother-liquors  from 
tho  salterns  of  the  Meditermnean  contain  sufficient  copper  to  be 
ro(u)gnizablo  in  6  cc.  of  the  lifjuid,  at  wliich  rate  one  cubic  metre 
of  the  wattT  of  that  sua  will  contain  at  least  0  01  grm.  of  copper. 
'V\w  black  and  usually  very  sulphurous  matter  depo.sited  in  basins 
whore  sua  water  has  been  left  to  itself,  constantly  contains  copper, 
and  tho  sanjo  is  genenUly  true  with  regard  to  the  dark-colo\ired 
gy|MiH>UH  muds  of  all  ages.     The  copper  schists  of  Mansfuld  contain 
organic  mattur  in  con8ideni,ble  (juantity,  together  with  copper,  and 
aiinnoniacul  salts  e<iuivsUent  to  ()000«16  grm.  of  ammonia  per 
kilogr.  of  rock,  ejwily  recognizjible  in  a  few  grms.     Lithia  is  idso 
pn<mint  in  sulliciont  amount  to  i>ro(lucc  a  very  brilliant  spectral 
lino.     Tlumo  :iss(K-iations  are  exactly  sinnlur  to  those  which  occur 
in  niodorn  c.stuarine  nnids.^ 

AcHionliiig  to  rcicent  analyses,  the  phyllitos  of  the  Erzgebirge 
aii<l  Ki<!ht(!lgebirg<!  uro  by  no  means  rich  in  tho  heavy  metals,  but 
if  a  sufficient  amount  of  tho  rock  be  operated  upon  their  .presence 
'  L.  Dieulafjiit,  /i»~"  ««.iversclle  dct  Mines,  vol.  vii.  1880,  p.  425. 
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ran  alfftvys  be  detected.     The  dark -grey  phyllite  of  Schneeberg 

cnntrtins  arsenic,  cobalt,  and  nickel;  while  the  Cambrian  schists  of 

(jul'lkronach    afford   arsenic,   antimony,   and   load.      The  sericite 

scliists  of  the  Taunus  yield  from  "05  to  '06  per  cent  of  cupric  oxide. 

Stintifial  rocks  of  purely  neptunian  origin,  with  the  exception 

of  limestoues,   consist  chiefly  of  the   debris,  in   a  more  or  leas 

fiaely-<livided  state,  of  older  crystalline   rocks.      It   is   not  to  be 

M|'  <fed  that  they  will  not  have  lost  a  portion  of  the  heavy  metala 

i.Kially  containeil  in  the  rocks  from  whicli  thoy  were  derived, 

but  some  one  or  more  of  them  may  nevertheless  be  almost  always 

detected.     H.  Frick  ^  first  detectetl  the  presence  of  oxide  of  copper 

in  clay  slates ;  and  by  operating  upon  1  lb.  of  roofing  slate  from 

Rmgr*,  North  Wales,  Forchhammer^  obtained  a  large  quantity 

of  lead,  in  addition  to  copper  and  zinc. 

Bischof,  many  years  since,  e.xpres8ed  the  opinion  that  if  properly 
looked  after  copper  would  be  found  in  all  clay  slates,  and  subsequent 
investigation  appears  to  go  far  in  support  of  this  view.*  Sandberger 
discovered  copper,  zinc,  lead,  arsenic,  antimony,  tin,  cobalt,  and 
nickel  in  clay  slates  from  the  neighbourhood  of  Holzappel,  as  well 
as  in  those  from  Ems,  and  from  Schulenberg,  near  Clausthal. 
Titanic  and  phosphoric  acids  also  appear  to  be  everywhere  present 
in  small  quantities.  Many  rocks  of  New  Red  Sandstone  age  contain 
lead  and  copper.  Lea<l,  copper,  arsenic,  and  cobalt  occur,  in  Germany, 
in  the  clay  slates  of  the  lower  Keuper.  The  bituminous,  marly 
slates  of  Raibl,  in  Carinthia,  are  rich  in  lead  and  zinc ;  but  these 
metals  arc  only  obtained  after  fusion  with  an  alkali,  showing  that 
they  are  present  in  the  form  of  silicates  only. 

These  investigations  which  have  rcstdted  in  demonstrating  the 
almost  universal  presence  of  heavy  metal.s  in  rocks  belonging  to  every 
geological  period,  tend  greatly  to  enlarge  our  views  on  the  subject  of 
metalliferoiis  ilepo.sit«.  There  can  be  no  longer  any  doul>t  that  the 
filling  of  veins  has  often  been  derived,  in  a  state  of  chemical  solution, 
from  the  surrounding  country  rock,  and  the  theory  of  lateral 
secretion  appears  io  explain  more  satisfactorily  than  any  other, 
certain  phenomena  not  otherwise  easily  understood.  It,  moreover, 
not  only  accounta  in  a  satisfactory  way  for  the  changes  which  take 
place  in  metalliferous  veins  when  passing  from  one  fomration  into 
another,  but  it  also  affords  a  reasonable  explanation  for  the  fact 
that  shot'its  of  ore  usually  follow  the  dip  of  the  enclosing  rocks. 

'  Ponnaid.  Annnl..  vol.  kuxv.,  1S35,  p.  1£>3.        '  Ibid.,  vol.  xcv.  1865,  p.  70. 
•  O.  lUsohof,  "  Lchtbiich  d<-r  chcmi.scbdi  tmd  jihyHikaliaclien  Geologic,"  IS^?, 
rul.  u.  p.  11*00.     Engliih  Triuisktion,  vol.  iii.  1869,  p.  122, 
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It  has  been  suggested  bj  various  geologists  that  certain  strata, 
instead  of  being  richer  than  others  in  metals,  may  possess  a  com- 
position enabling  them  to  act  more  effinentlj  in  decomposiiig 
metalliferous  solutions  derived  from  other  sources,  and  in  depositing 
their  contents  in  the  form  of  ores.  This  reaction  may  perhaps 
sometimes  influence  the  ore-bearing  portions  of  a  lode,  but  its 
importance  may  be  regarded  as  secondary  to  the  influence  of  the 
metalliferous  contents  of  the  rocks  themselves. 

Among  the  objections  which  have  at  various  times  been  ad- 
vanced against  this  theory  may  be  mentioned    the  fects  that 
different  sets  of  fissures  traversing  the  same  formations  often 
contain  very  different  ores,  and  that  when  rocks  of  totally  different 
character  are  brought  by  faulting  to  form  opposite  walls  of  a 
fissure,  the  ore  may  be,  nevertheless,  symmetrically  deposited  in 
corresponding  layers.     It  may  likewise  be  remarked  that  the  same 
fissure  frequentl}'  traverses  several  formations,  and  the  character  d 
the  vein  may  throughout  be  essentially  the  same.    It  cannot  however 
be  doubted  that  the  formation  of  lodes  has  been  a  long  and  com- 
plicated process,  all  the  phenomena  connected  with  which  are  not 
capable  of  explanation  by  any  one  cause.    If  the  term  lateral  seerdim 
be  employed  in  a  somewhat  extended  sense,  and  it  be  understood 
to  imply  that  the  solution,  after  becoming  impregnated  by  the 
rocks,  had  free  movement  in  the  fissure,  so  that  each  molecule  was 
not  deposited  where  it  issued  in  solution  from  the  country,  this 
theory  passes  directly  into  that  of  the  ascension  of  aqueous  solutions. 
7.  Theory  of  Ascension. — This  theory  supposes  lodes  to  have 
been  formed  in  part  only  of  minerals  dissolved  out  of  rocks  in  the 
immediate  horizon  of  their  several  deposits  in  vein  fissures,  and  that 
the  chief  portion  of  the  material  has  been  derived  from  greater 
depths  by  solvents  circulating  through  the  fissures.     According  to 
some  who  have  advocated  this  theory,  sublimation,  either  with  or 
without  steam,  has  also  assisted  in  the  formation  of  metalliferous 
veins.    The  increased  heat  and  pressure,  due  to  great  depth,  will  thus 
greatly  facilitate  the  solution  of  the  different  vein-forming  sub- 
stances ;  and  minerals  may  be  deposited  in  all  parts  of  the  fissure 
of  which  the  constituents  do  not  exist  in  the  rocks  in  its  immediate 
vicinity.      These    solutions  will,  under  a  pressure  due   to  the 
hoiglit  of  the   colunm,  penetrate  more  or  less  deeply  into  the 
surrounding  rocks,  and  may,  under  certain  circumstances,  give  rise 
to  their  impregnation  by  metalliferous  minerals.     By  the  same 
agency  the  luljacent  rocks  arc  sometimes  softened  and  decomposed 
to  a  considerable  dist*"''*  from  the  i"'''^  •  or  the  country  rock  may. 
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on    the  contrary,  give   rise  to  the  formation   of   capels  through 

becoming  hardened   by  eilicification.     Waters,  possessing  solvent 

poMrers  vastly  increased  by  high  temperature  and  great  pressure, 

percolating    through    rocks    containing    the    heavy   metals    will 

gradually  remove  them,  by  lixiviation,  together  with  other  mineral 

substances,  and  these  will  again  be  deposited  u^wn  the  sides  of 

the  fissure  in  proportion  aa  the  solvent  power  of  the  menstruum 

becomes  lessened  by  diminishing  temperature  and  pressure.     On 

tLe  other  hand,  it  is  probable  that   minerals   diffused    in   rocks 

comparatively  near  the  surface  may  have  been  removed  by  solutions 

which,  penetrating  into  vein  fissures,  have  mingled  with  the  waters 

circulating  through  them.     With  regard  to  the  precise  chemical 

reactions  which  take  place  in  the  deposition  of  ores  in  mineral 

veins  we  have  yet  much  to  learn,  but  there  can  be  no  doubt  that 

deposits  somewhat  akin  to  those  of  true  veins  are  at  the  present 

time  being  formed  by  the  action  of  certain  thermal  springs. 

In  a  paper  before  referred  to  Newberry  strongly  advocates 
the  theory  of  aqueous  ascension,  and  appears  to  believe  that  no 
other  is  capable  of  explaining  all  the  various  phenomena  connected 
with  the  formation  of  lodes.  After  briefly  adverting  to  other 
theories  he  remarks : — "  But  argument  is  really  wasted  in  a  dis- 
cussion of  the  filling  of  fissure  veins,  since  we  have  examples  that 
seem  to  settle  the  question  in  favour  of  chemical  precipitation 
from  ascending  hot  water  and  steam.  In  the  Steamboat  Springs 
of  Western  Nevada,  for  exanvple,  we  in  fact  catch  mineral  veins 
in  the  process  of  formation.  These  springs  issue  from  extensive 
fissures  which  have  been  or  are  being  filled  with  siliceous 
veinstone,  that  carries,  according  to  M.  Laur,  oxide  of  iron, 
oxide  of  manganese,  sulphide  of  iron,  sulphide  of  copper,  and 
metallic  gold,  and  exhibits  the  banded  structure  so  frequently- 
observed  in  mineral  veins." 

To  this  theory  Sandberger  objects,  on  the  ground  that  none 
of  the  numerous  mineral  springs  which  he  has  examined,  namely, 
those  of  Petersthal,  Rippoldsau,  Baden,  Badenweiler,  the  Maxquelle 
of  Kissingen,  and  others,  deposit  any  mineral  incrustation  on 
the  walls  of  their  channels  of  exit,  although  they  subsequently, 
upon  exposure  to  the  air,  give  rise  to  muddy  deposits  containing 
various  heavy  metals.  Tlie  Sulphur  Springs  in  Colusa  County, 
California,  and  Steamboat  Springs  in  Western  Nevada,  he  regards 
as  exceptional  phenomena  only  to  be  compared  with  the  unimportant 
metalliferous  deposits  produced  by  solfataraa  or  fumarolea,  or  which 
i&sue  from  fissures  in  heated  lava.     He  further  remarks  that  with 
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.'j,:    .-..;   .?.-*.:i/- . -.-:    •.■.'  ■Ij:  -t..-_?.<i»7    vij-c.  -t  v-.g.-ig.=ii  cLicdy  t; 

?if.r.:.-j:',,  *:-:  -?  :'.?  !.£.■*•  Li-AZj.'.:i  -.:.::s-.lj  i't»i*::.:.  y4;iTr;  sulphix.. 
«•,';.':  o*.r*>:7  '.'',  ..L.*.f:r».  E'  Li.*  W.:.  :-,'i;.i  is.  'L-r  ;;\.>Li  mines  o 
'>/«V:rf;':i'i  If.  Vif.-r..,rA.  ati  ii  '■-::;_»  *:  lLii'i'>n,  St.  Aniaud,  and 

H:j»j/}i'jr  !•  4ly*  'A  t^tt  ur.t'rw^y-rrit  <>xarpiacv  in  the  auriferous 
<|ii;irt/  r«:«:fn  of  .S«v.i'.h<:ni  In-iiA,  wh«:i>.-.  iu  tLc  fwrm  of  transparent 
'/•/^.♦ji.".,  it  i:o'.-.r'.  iL'j  "surl-'wix-s  of  sniall  'iniit-s  in  the  veinstone. 
iSl**;/.]','!!'  fi:i  kiij'lly  f'»rwar'l«,-«i  to  int.-  by  ilr.  H.  A,  Svvem  from  the 
WyiiSiMi  vn-.Tf.  in  th'.-  fonn  of  <jctahe<ini,  and  Laii  been  deposited 
ij(»'*ii  Jin  'rxlr<:nu.-ly  thin  ciating  of  ft-rric  oxide  lining  a  cavity,  the 
Icri^^t.li  of  th<:  irrt-n.U:T  duimc'tc-r  of  which  was  about  one  inch. 
It  iii  i.-vidoiit  that  the  presence  of  sulphuretted  hydrogen  may 
iKiiiiiiUificN  a/rroiint  for  the  formation  of  certain  metallic  sulpliides, 
witiioiit  tli(!  ititorvention  of  organic  matter. 

Hiriirliidivij  (fhm.rra/ii/n8. — It  appears  to  be  now^  well  establishetl 
tliiil,  till!  liciivy  iiKrtalH  oorurring  in  metalliferous  veins  in  the 
foriii  of  (»nm  tut;  in  (hi!  state  of  silicates  or  of  other  mincralizcil 
roiiiliiiitii.ioiiH,  pri!Hi<iit  ill  greater  or  less  proportions  in  rocks  ol 
uliiioiit,  «!vi'iy  age,  uml  that  thoHO  are  ca[>able  of  supplying  all  the 
riii'iiiiciil  coiiMtituiMits  of  the  different  ores  and  veinstones  of  the 
IoiIkh  pnHHiiig  tliruugh  them. 

'i'iiiiL  till)  iiiinuralH  thus  disseminated  throughout  the  rocks 
liiivn  Ittiiiii  (irigiuiUly  the  source  of  the  metalliferous  accumulations 
whii'h  havi)  tftk«n  "•■«•  *n  Teinfl  admits  of  little  doubt,  but  we  have 
Kllll  inuoh  k  ~«wl  to  the  processes  by  which  ores  of 

Um  dU  ooncentrated  in  fi.ssures.    In  the 
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ajority  of  cases  this  must  have  been  effected  by  chemical  aolutioi^H 

'^  subsequent  deposition,  as  indicated  by  the  coniby  structure  of^ 

ay  lodes,  as  well  us  by  the  occurrence,  one  upon  another,  of  sucb 

aerals  as  quartz,  calcite,  and  ores  of  iron. 

It  is  possible  that,  in  some  cases,  waters  to  some  extent  charge 

with  heavy  metals  may  have  fluwed  from  above  into  fissures  wher 

I  portion  of  them  may  have  become  deposited  in  the  form  of  ores, 

iiggested  by  Mr.  Wallace,  but  it  does  not  appear  probable  thatj 

flow  of  surface  waters  into  vein  fissures  can,  generally  speakingj 

iAve  materially  contributed  to  the  richness  of  mineral  veins. 

There  is  reason  to  believe  that   lotles  may  have  often  boen^ 
I  prwluoed  by  lateral  secretion  at  ordinary  temjxjratures,  and  that 
tHe  ores  and  other  minerals   constituting   veins  may  have  been 
jd^posited  in  approximate  vicinity  to  the  points  at  which  the  soluttons« 
^^ktered  the  fissure.     As,  however,  the  fissures  of  true  veins  araif 
Sxipposed  to  extend  far  into  the  eartli,  we  are  justified  in  believing 
^bat  the  solvent  powers  of  the  menstrua,  acting  upon    minerals 
<Jisseminated    through   the   strata,  will   be  increased  by  a   high 
pmperature  and  the   pressure  incident  to  great  depth.      These 
utetl   waters,  obeying  known   laws,   wiU   have   a  tendency   toi 
cen/i,    and    in    doing    so  will   gradually  lose  their   power  of 
aiding  minerals  in  solution,  and  a  deposit  on  the  surfaces  of  the 
ires  will  be  the  result.    Metalliferous  veins  are  of  more  frequent 
surrence  in  the  neighbourhood  of  eruptive  rocks  than  in  otht 
tuations,  and  it  is  probable  that  these  may  have  not  only  boen 
strumental  in  producing  fissures,  but  may  also  have  contributed^ 
to  supply  heat  to  the  waters  circulating  tlu-ough  them.  H 

Metallic  minerals,  especially  specular  iron  ores,  are  sometimea 
eposited  by  subUmation   in   the  crevices  of  cooling   lavas,  and 
I  is  probable  that  in  certain  solfataras,  like  that  near  Borax  Lake,  ixfl 
Lnlifomia,  the  concentration  of  a  jwrlion  of  the  cinnabar  and  other 
jbstances  present  may  be  partially  due  to  this  agency.     Many 
lies  which  are  not  easily  volatilized  are  readily  carried  along  by 
kcorrent  of  steam  or  aqueous  vapour.  There  is,  apparently,  no  reason 
Br  believing  that  sublimation  has  usually  acted  an  important  part 
m  the  formation  of  true  veins,  notwithstanding  the  fact  that  free 
sijphur  sometimes  occurs  in  metalliferous  veins. 

//.  Segbegated  Veins. — Metalliferous   deposits   belonging  to 

class  differ  from   true    veins  inasmuch    as    they  are   con- 

ible    with   the   bedding    or    foliation   of    the   country   rock, 

ihertms    true    veins    traverse    all    fonuations   independently    of 

ittificatJon  and  foliation.    As  in  the  case  of  ordinary  lodes  the 
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gangue  of  segregated  or  bedded  veins  differs  entirely  from  the  sur- 
rounding rock,  the  veinstone,  which  frequently  consists  of  quartz, 
being  often  crystalline  and  exhibiting  a  distinctly  banded  structure. 
Besides  extending  uninterruptedly  for  considerable  distances, 
deposits  of  this  class  sometimes  form  lenticular  masses  of  limited 
extent ;  these  are,  however,  often  followed  by  others  of  a  similar 
description  forming  a  series  resembling  a  more  or  less  interrupt^ed 
lode.  The  quartz  veins  so  numerous  in  Canada,  New  England,  and 
in  the  Alleghany  Mountains  are  generally  examples  of  deposit* 
of  this  class,  as  are,  for  the  most  part,  the  auriferous  veins  of  Cali- 
fornia. Fig.  34  represents  an  ideal  section  of  this  form  of  deposit 
The  ore-bearing  mass  does  not  always  crop  out  at  the  surface, 
although  it  frequently  does  so  ;  a  is  a  vein  which  makes  its 
appt.arauce  at  the  surface,  b  does  not  reach  so  far ;  while  c  is  a 
lenticular  bunch  extending  but  a  short  distance  either  upwards  or 


r 
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downwards.  One  of  the  most  important  constituents  of  segregated 
veins  is  gold,  with  which  either  pyrites,  blende,  galena,  or 
cholcopyrite  is  almost  alw.ays,  to  some  extent,  associated.  In 
common  with  true  veins,  segregated  veins  frequently  exhibit 
evidence  of  repeated  oijenings  of  the  fissure,  and  of  fresh 
depositions  of  mineral.  It  was  formerly  believed  that  veins  of 
this  description  are  less  pt^sistent  than  true  lodes,  that  they  are 
richer  nearer  the  surface  than  elsewhere,  and  that  they  frequently 
terminate  by  pinching  out  both  in  depth  and  in  horizontal  extension. 
Recent  mining  operations  have,  however,  materially  modified  the 
received  views  respecting  the  value  and  persistency  of  the  so- 
called  segregated  veins.  Many  of  them  are  of  great  thickness 
and  extent,  and  after  having  been  worked  to  very  considerable 
depths,  have  been  there  found  as  productive  as  they  were  nearer  the 
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surface.    The  character  of  the  veinstone  of  such  deposits  frequently 

appears  to  in  no  way  vary  from  that  of  true  fissure  veins,  from 

^hich  they  often  differ  in  no  respect  except  that  their  course  is 

parallel  to  that  of  the  strata  between  which  they' lie.     It  therefore 

hecomes  a  question  whether  segregated  deposits  and  true  veins  have 


Fia.  S£. — LentlcDlar  segregations ;  plan. 

not  often  a  common  origin,  and  whether  in  thus  naming  them 
differently  we  are  not  sometimes  making  a  distinction  where  no 
difference,  beyond  the  parallelism  or  non-parallelism  of  the  deposit 
with  the  enclosing  strata,  exists. 

Deposits  of  auriferous  quartz,  cupriferous  iron  pyrites  and  some 
other  minerals,  occasionally  assume  the  form  of  a  series  of  lenticular 


Fio.  S«.— LcnticulsT  segiegatioM  ;  section  on  <i«. 

masses,  which  lying  between  the  foliations  of  the  strata,  follow  one 
another  both  in  length  and  depth  in  such  a  way  as  to  constitute 
an  interrupted  vein.  Fig.  35  represents  in  plan,  and  Fig.  36  in 
section  on  the  line  de,&  deposit  of  this  kind,  in  which  a  indi- 
cates masses  of  either  veinstone  or  ore.    Such  lenticular  masses, 
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which  are  often  approximately  continuous  and  lie  at  low 
angles,  are  described  as  beds,  Lager,  by  v.  Groddeck.  They, 
however,  occasionally  enclose  fragments  of  the  country  rock  both 
from  the  foot  and  hanging  walls,  and,  in  such  cases,  cannot  be 
reganied  as  contemporaneous  with  the  enclosing  strata,  but  are 
evidently  of  subsequent  formation.  Certain  deposits,  however, 
somewhat  similar  in  character  have  probably  had  a  diflferent  origin, 
and  may  be  regarded  as  beds  formed. prior  to  the  deposition  of  the 
overlying  rock. 

Segregations  of  ore  sometimes  take  place  at  the  intersections  of 
the  main  joints  of  certain  rocks.  Fig.  37  represents,  in  plan,  an 
example  of  this  kind  of  formation  described  by  W.  J.  Henwood  as 
occurring  at  Dhunpoore  Mine,  North-western  India,  where  patches 


of  chaloopyrite  and  eruK^soito  a  cccur  at  the  intersections  of  a  series 
of  joints  h  and  t  wldoh  traverse  nearly  at  right  angles  a  somewhat 
calcareous  clay  slate.  All  ore  deposits  are  subject  to  dislocations, 
and  those  affocting  lom^ations  belonging  to  this  class  are  often 
very  similar  to  thoso  oxivrienced  by  true  veins, 

f.  Gash  Veins. — Gash  veins  are  metalliferc-ns  deposits  which 
occur  in  limestone  ivvks  only,  and  being  connne'i  to  a  single  stratam 
or  formativ-n  an?  iicvvssarily  limited  in  extent.  The  most  typical 
examples  of  gash  veins  arv  proKiKy  -hivse  fiimisht'i  by  the  lead 
deptsits  of  the  Mississippi  V:u'.oy,  in  Ncrth  America.  These  occur 
at  thre*  different  horirons.  of  wl.ieh  tiie  Galena  Limestone,  belon*'- 
ing  to  the  Trenton  Givn:p.  is  the  n;i.>st  prodiictive.    TLe  origin  of 
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caWties  in  whiih  dejxisits  belonging  to  this  class  have  been 

ap^xjars  to  bo  capable  of  a  simple  explanation. 

rally  the  betiding  planes  or  joints  of  a  limestone  rock  which 

become  channels  through  which  surface  waters  charged  with 

onic  acid  have  flowed  into  a  system  of  subterranean  drainage. 

JUxje  joints  are,  generally  speaking,  approximately  at  riglit  anglei 

I  one  another,  and  while  some  are  vertical,  otht^rs  are  horizonta 
I  In  the  fiirraation  of  gash  veins  one  or  both  niembers  of  a  set 
I  crossed  vertical  joints  become  enlarged  into  lenticular  cavities 
[y«A«;  but  it  not  unfrcqucntly  happens  that  the  action  of  water 
rcouUining  ciubouic  acid  not  only  results  in  the  formation  oi' 
I  vertical  or  horizontal  galleries  of  moderate  dimensions,  but  also  of 
I  iiTKgular  pockets,  some  of  which  may  occasionally  be  of  cousider- 
I  ible  extent.  These  cavities  have  subsequently  become  filled  with 
'calcite,  or  sulphides  of  lead,  zinc,  and  iron,  originally  disseminated 
gli  the  surrounding  or  overlying  country,  but  which  were  after-  ^ 
leached  out  and  deposited  in  the  enlarged  lines  of  jointing  oB^ 
fwe  rock.  In  some  instances  these  cavities  have  become  further 
l»irged  subsequent  to  the  formation  of  a  deposit  of  ore  in  them ; 
in  such  cases  the  ore  may  either  form  a  central  pillar,  a  sort  of 
Ain  depending  from  the  roof,  or  be  found  as  a  mass  of  fragments 
igled  with  sand  and  clay  lying  at  the  bottom  of  the  cavity.  The 
t-arbonifcrous  Limestone  of  South-western  Missouri  contains  layers 
ol  chert  which,  not  being  soluble  in  carbonic  acid,  sometimes  forms, 
*Uere  the  limestone  beneath  it  has  been  removed  by  the  action  of 
Ululous  waters,  either  a  ceihng  to  a  cavity  or  a  sort  of  diaphragm 
fossit.  These  frequently  break  down  with  their  own  weight;  and, 
ing  to  the  bottom,  the  fragments  become  cemented  together 
'^'ith  the  ore,  which  thus  acquires  a  peculiar  and  brecciated  character. 
Fig.  38  represents  an  ideal  section  of  one  of  the  usual  modes  of 
Occurrence  of  gash  veins  in  the  Mississippi  Valley. 

The  stratum  ft  lying  between  a  and  c  entirely  cuts  off  the  veins, 
he  fissures  not  having  penetrated  into  that  bed.  Should  however 
tie  bed  c  resemble  in  its  characteristics  that  which  is  marked  a, 
fisaiures  may  be  again  found  in  it  below  b.  In  that  case  they 
fill  not  however  be  continuations  of  the  fissures  found  in  a,  but  mil, 
on  the  Contrary,  be  a  new  set,  originating  and  entirely  comprised 
witliin  the  bed  e.  In  connection  with  the  main  fissures,  which  may 
or  may  not  be  nearly  vertical,  lateral  branches  will  usually  be  found 
in  the  same  rocks,  possessing  similar  characters  with  regard  to 
(leir  metalliferous  contents. 

connection    with   ordinary  eash   veins 
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deposits  of  lead  ore  in  fiat*  or  thuU.  This  ore  is  sometimes 
accompanied  by  veinstone,  and  is  unmixed  with  clay.  The  sheets 
vary  much  in  their  dimensions,  but  are  generally  elongated 
in  one  direction,  and  thin  out  gradually  firom  the  centre. 
Several  such  sheets  are  sometimes  connected  by  vertical  or  oblique 
fissures  containing  ore,  as  represented  in  Fig.  39,  descending  by 
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riu.  33.— Gakli  rebu:  aflvr  Whitney. 

zigzags  from  one  stratum  to  another.  The  principal  veinstone 
associated  with  galena  is  calcite,  with  occasionaUy  a  little  heavy 
spar.  Sheets  of  these  minerals  alternate  with  others  of  calamine, 
blende,  and  iron  pyrites.  In  some  places  the  latter  minerals  are 
more  abundant  than  galena  itself,  and  calamine  not  unfrequently 
becomes  the  predominating  mineral.  Casts  of  fossils  are  sometimes 
found  in  the  galena  from  the  deposits  of  the  Mississippi  Valley. 


ri.j.  39.— Lesd  ore  i:i  flats ;  afivr  Whitnej. 

The  pvpt  veins  of  the  north  of  England  very  closely  resemble 
gash  veins,  and  were  probably  formed  in  the  same  way,  as  were 
also  many  of  the  hsematite  deposits  in  the  Carboniferous  Limestone. 
d.  Impregnations. — Impregnations  diflfer  from  other  metal- 
liferous deposits  in  not  possessing  any  sharply  defined  outlines, 
and  they  consequently  merge  gradually  into  the  enclosing  rock. 
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Although  met  with  in  formations  of  almost  every  age,  they  occur 
most  frequently  in  igneous  and  other  crystalline  rocks.  In  many 
instances  the  rook  forming  the  matrix  retains  its  general  cha- 
racteristic structure,  the  ore  being  disseminated  through  it  in 
s  more  or  less  finely  divided  state.  In  other  cases  the  rock 
becomes,  to  some  extent,  decomposed,  a  portion  of  its  constituent 
minerals  being  converted  into  various  products  of  alteration. 

Deposits   of  this   class   may  occur  either  independently   and 
alone,  or  associated  with   others  of  a   more   definite   character. 
Tho?e  which  are  apparently  independent,  and  without  any  con- 
nection with  other  metalliferous  deposits,  extend  for  varying  dis- 
tasoes  into  the  surrounding  rocks,  which  within  certain  limits  are 
Impregnated  with  ore.     Impregnations  which,  on  the  contrary,  are 
(iirectly  in   connection  with  other  metallic  deposits  may   either 
form  portions  of  the  wall  rock  of  a  vein,  or  be  distributed  along 
lines    of    fissure    in    communication    with    a    lode.       The    ores 
constituting  impregnations  may  be   distributed  through  the  rock 
in  various  forms.    They  may  be  present  either  as  crystals  or  as 
disseminated  crystalline  patches,  or  the  particles  may  be  so  finely 
divided  as  to  be  invisible  without  the  aid  of  a  powerful  lens.     In 
other  cases  the  ores  may  assume  the  form  of  minute  spherical 
^^gregations,  as  in  the  Bunter  Sandstone  at  Commem,  in  Rhenish 
Prussia.     It  not  unfrequently  happens  also  that  rocks  are  stained 
by  oxide  of  iron  or  by  various  copper  compounds  to  considerable 
distances  from  large  deposits  of  the  ores  of  these  metals;  but  in  the 
majority  of  cases  impregnations  of  this  kind  possess  no  commercial 
value.     Impregnations  of  cassiterite  occur  in  the  mines  of  Saxony 
and  Bohemia,  aa  well  as  in  Cornwall  where,  under  the   name  of 
earbonas,  they  sometimes  form  valuable  deposits.     According   to 
W.  J.   Henwood,^  at  the  St.  Ives  Consolidated   Mines  a  carbona 
joins  the  Standard  lode  at  a  depth  of  78  fathoms,  and  at  its  point 
of  junction  therewith  the  connecting  surface  is  not  above  four  or 
five  inches  scjuare.     From  that  point  it  has  been  worked   for  a 
distance  of   120   fathoms  in  length,  with  a  constant  inclination 
downward,  until  it  reaches  a  depth  of  nearly  100  fathoms.    Its 
greatest  vertical   extent  is   nearly  ten  fathoms,  and  its  extreme 
•width   about   the   same;    but   the   average    dimensions  may  be 
taken  at  four  fathoms  high  by  ten  or  twelve  feet  in  width.     It 
exhibits  few  of  the  usual  characteristics  of  a  lode,  being  bounded 
above,  below,  and  on  either  side,  by  ordinary  granite.     The  deposit 
itself  is  chiefly  composed  of  felspar,  quartz,  schorl,  and  oxide  of 

•  Trans.  Hoy.  GuH.  Soe.  qf  Oomwall,  rol.  v.  1843,  p.  21. 
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tin,  very  irregularly  distributed  throughout  the  mass.  In  some 
places  it  contains  in  addition  fluor  spar,  which  is  not  present  in 
the  adjoining  lode,  chlorite,  chalcopyrite,  erubescite,  and  iron 
pyrites.  Throughout  this  mass  there  is  a  gradual  transition  firom 
the  composition  of  granite  to  that  of  the  carbona. 

An  impregnation  of  granite  by 
tinstone  which  occurs  at  East  Huel 
Lovell,  in  the  parish  of  Wendron, 
Cornwall,  has  been  very  clearly  de- 
scribed by  C.  Le  Neve  Foster.^  Fig. 
40  represents  a  horizontal  section  of 
this  deposit  as  seen  at  the  100- 
fathom  level,  in  which  a  b  ia  the 
leader  or  divider,  a  small  vein  com- 
posed of  quartz  and  ferruginous  clay 
varying  from  i  to  ^  inch  in  thickness. 
The  dotted  portion  is  the  tin-stuflF, 
outside  which  is  the  ordinary  granite 
of  the  district.  This  granite  is  well 
marked  and  encloses  large  crystals 
of  orthoclase;  whUe  the  stanniferous 
portion  consists  of  a  mixture  of  quartz, 
mica,  gilbertite,  and  cassiterite,  with  a 
little  fluor  spar,  iron  pyrites,  copper 
pyrites,  erubescite,  copper  glance,  and 
chalybite.  Gilbertite,  a  crystalline 
alteration-product  of  felspar,  is  fre- 
quently abundant.  There  is  no  wall 
or  selvage  between  the  tin-bearing 
mass  and  the  surrounding  granite, 
the  two  gradually  merging  into  one 
another ;  and,  following  the  leader  along 
its  strike,  the  tin-bearing  rock 
decreases  in  width  until  at  last  both 
walls  of  the  vein  are  composed  entirely 
of  granite.  The  shoot  of  tin  at  the 
100-fathom  level  was  about  seven  fathoms  in  length,  the  richest 
part  having  a  length  of  three  fathoms  and  a  width  of  nearly  nine 
feet.  In  some  cases  the  oxide  of  tin  lay  entirely  on  one  wall, 
as  shown  in  Fig.  41,  but  the  prevailing  characteristics,  namely, 
the  leader  of  quartz,  the  absence  of  any  wall  between  the  tin 
*  Trarui.  Eoy.  Geo.  Soe.  tf  Cormcall,  vol.  ix.  1876,  p.  167. 


Fio.  40.— Impregnation  of  tin  ore  at 
East  Huel  Lovell. 
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UKJ  the  granite^  and  the  general  composition  of  the  tin  ground, 
always  remained  the  same.  The  main  shoot  of  tin  ore  at  East 
Hnel  Lovell  has  been  followed  from  the  40-fathom  level  down 
U)  the  110  as  one  continuous  pipe,  and  is  in  the  shape  of  a  long 
irrt^ular  cylindroid  with  an  elliptic  base  generally  about  fourteen 
feet  long  by  seven  wide. 

iL  Daubriie,  some  forty  years  ago,  first  called  attention  to  the 
&ct  that,  with  the  exception  of  quartz,  the  minerals  most  constantly 
anociated  with  tin  ore  are  compounds  containing  fluorine,  princi- 
pally fluosilicates,  such  as  lepidolite  and  topaz;  sometimes  also 
riuophosphatea  and  fluorides,  the  latter  being  present  chiefly  as 
duor  spar.' 

Boron  is  a  constituent  of  the  minerals  tourmaline  and  axinite, 
both  of  which  are  frequently  present  in  tia  deposits;  while  the  other 


Fio.  41.— Impregnation  of  tin  on  at  BmI  Hual  Lovell. 


most  commonly  associated  elements  are  tungsten,  molybdenum, 
phosphorus,  arsenic,  and  iron.  He  arrives  therefore  at  the 
conclusion  that  tin  ore,  fluorine  corapoundsj  and  borosilieates  owe 
their  origin  to  the  same  set  of  reactions,  and  supposes  that  the 
tin,  tungsten,  molybdenum,  boron,  phosphorus,  and  a  portion  of 
the  silicon  came  up  through  fissures  from  some  deep-seated 
Hource  as  fluorides.  Finally,  he  suggests  that  the  present 
condition  of  Stockworks  which  consist  of  quartz,  tin  ore,  silicates, 
fluosilicates,  and  borosilieates,  resulted  from  the  action  of  these 
fluorides,  probably  in  the  presence  of  water,  on  the  enclosing 
rocks. 

*  "-M^moTra  sor  le  Ki^raent,  la  oonstihition,  «t  I'origine  dm  amas  de  mincrni 
d'eUiii,"  Annala  da  Mine»,  vol.  xs.  1841,  x>-  OS;  "£ttidc«  Synthitiqaes  de 
OMogie  Ezptirimentalc."  Paris,  187(>,  i).  29. 


i|uent  memoir  Daubrde  gives  the  result*  of 
numerous  experiments,  which  he  made  with  a  view  to  imitating 
the  processes  by  which  nature  may  have  acted  in  forming  such 
minerals.*  Instead  of  employing  fluorides,  which  are  not  so 
readily  made  or  so  easily  managed,  chlorides  were  generally  used, 
since,  from  the  great  analogy  which  exists  between  fluorides  and 
chlorides,  it  was  considered  that  any  results  obtained  with  the 
latter  might  safely  be  supposed  to  occur  with  the  former. 

The  first  experiment  consisted  in  passing  a  current  of  stannic 
chloride  together  with  a  current  of  steam  through  a  red-ho 
porcelain  tube.  In  this  way  double  decomposition  was  effect,* 
and  crystals  of  stannic  oxide  were  deposited  on  the  interior  of 
tube.  The  crystals  of  oxide  of  tin  thus  obtained  are  sometime^ 
colourless  and  transparent,  and  at  others  exhibit  tints  of  brown 
or  green,  the  different  coloured  specimens  being  all  associat 
in  the  same  groups.  Their  sjiecific  gravity  is  6'72 ;  they  readil 
scratch  glass ;  and  when  mixed  with  carbonate  of  sodium  thej 
yield  a  globule  of  tin  before  the  blowpipe.  Although  exceedingly 
minute,  the  crystals  so  obtained  exhibit  weli-iieflned  faces  an^^ 
angles,  but  they  are  so  entangled  with  one  another  that  it  w^M 
difiicult  to  determine  their  form.  The  temperature  of  the  portion 
of  the  tube  on  which  the  crystals  of  oxide  of  tin  were  deposit 
did  not  exceed  300°  C,  being  rather  below  the  melting  point 
lead.  Titanic  chloride  treated  in  the  same  way  yielded  cryst 
of  brookite,  while  a  deposit  of  vitreous  and,  in  part,  cry8taJli2 
quartz  was  obtained  from  chloride  of  silicon  and  steam.  In  1851 
Daubree  obtained  weU  crystallized  apatite  by  passing  perchloride 
of  phosphorus  over  lime  at  a  dull  red  heat,  and  a  mineral 
analogous  to  topaz  was  produced  by  the  action  of  a  current  of 
fluoride  of  silicon  on  alumina  at  a  white  heat.* 

The  circumstance  before  referred  to  (p.  12)  of  deers'  antlers 
more   or  less   completely   replaced   by  crystallized   oxide   of  tin 
having  been  found  in  various  Cornish  Streamworks,  affords,  however, 
sufficient   evidence   that  this    mineral    has   sometimes   been   d^^ 
posited  at  ordinary  temperatures.      In  the  case  in  question  |^| 
would   appear  not   improbable   that   the   production   of  alkaline 
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^  "  R««}>ereb«a  sai  la  production  artifidelle  de  qnelqaes  esp^ea  min^nlM  crist&I. 
line*,  pBrticnliirement  de  I'oiyde  detain,  de  I'oxyde  de  titone,  *t  dn  qnartz. 
Obwrmtiotu  sur  I'oriKine  de«  filons  tifnniftrfs  des  Alpes,"  AnHoia  det  Mines 
ToL  Jivi.  1819,  p.  129.     "Gcolopie  Eiperimenfale,"  p.  87. 

»  "  Exp^riencM  •ur  k  production  flrlificieUe  de  Tapatite,  de  la  toptixe,  et  de* 
qoelquea  aatres  minenax  flaoriferes,"  .^^hm/m  iU$  Minti,  vol.  xix.  186J.  n,  fiSi 
''G<olopeExp<riment*le,''p.  4i  *^        ■* 
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carbonates  through  the  decomposition  of  fclspare^m^liave  beei 
l&importaut  factor  iu  tlie  solutiuD  aud  subsequent  deposition 
oxide  of  tin. 

t.  Stockwouks. — Closely  allied  to  the  last  mentioned  mode  of 
cccurreQce  is  the  form  of  deposit  kuowu  in  Germany  as  Sioclioerk, 
ttenn  which  is  now  generally  adopted  both  in  France  and  in  this 
country.      A   stockwork   consists   of   a  network   of    small   veins 
interlacing    one    another    and    traversing    the    rock    iu   various 
directions;  the  whole  of  the  ore  present  is  not,  however,  confinedi^l 
to  the  veins,  a  considerable  purtion  of  it,  on  the  contrary,  being^^^ 
ooDtained  iu  the  rock  itself.     A  stockwork  dilTers  from  an  ordinary       , 
impregnation  in  not  having   necessarily  any  counectinn    with   A^| 
vfein  fissure,  and  in  being  usually  traversed  by  numerous  thread-^^ 
like  veins  generally  containing  oxide  of    tin.     When    a   rock    is 
'    ■ne.d  irregularly  in  all  directions  by  a  network  of  veins,  the 
,■-j^Jiit  is  sometimes  in  this  country  called  a,Jlx>or,  and  in  Germany 
H  TTHmeratock.      Examples  of  this  kind  of  formation  occur  at  the 
Carclazd,  Beam,  and  Buimy  Mines  in  the    neighbourhood  of  St. 
Austell,  and  at  various  other  places  in  Cornwall  ;  as    well  as  at^J 
Alteiiberg,  Geyer,  and  Zinnwald  in  Saxony.  ^^ 

At  Ciixclaze  the  veins  traversing  the  granite  are  generally  small 

ud  vary  considerably  in  composition ;  sometimes  they  consist  of 

whorl  and  quartz,  at  others  of  schorl  and  felspar,  frequently  of 

S'ijirl  alone,  and  occasionally  portions  of  them  are  composed  of 

itrbpru  only.     They  are  usually  however  a  mixture  of  the  three 

nuDerals,  and  generally  contain  a  certain  proportion  of  tinstone. 

As  in  the  case    of    other    similar    deposits,   the    ore    is   seldom 

TOiilined  to  the  veins  alone  but  is  generally  dispersed  throughout  ^j 

the  mass  of  the  contiguous  rock,  into  which,  although  the  liue^| 

of  separation  is  often  distinguishable,  the  veins  frequently  pass  by  ^i 

imperceptible  gradations. 

On  the  whole  the  veins  preserve  a  certain  amount  of  parallelism ;  | 
but  there  are  exceptions  to  this,  and  in  such  cases  they  fre- 
quently exhibit  tlie  ordinary  phenomena  of  heaves  and  slides ;  and 
when  such  veins  unite  they  are  often  enlarged  and  become  propor- 
tionately more  productive.  They  are,  however,  generally  so  small 
and  numerous  and  at  the  same  time  intimately  mixed  up  with  the 
rock-mass,  that  the  mine  has  been  for  the  most  part  worked  open 
t<i  the  day,  forming  an  excavation  250  fathoms  in  length,  100 
fathoms  iu  width,  and  about  22  fathoms  in  depth.  These  workings 
were  fi'rmerlj'  carried  on  upon  an  extensive  scale,  but  of  late  years 
Carclaze  has  been  worked  chiefly  for  china  clay,  although  a  smaU. 
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quantity  of  tin  ore  is  still  collected  during  the  operations.     Beam 
is  situated  about  two  miles  north  of  Carclaze,  and  waa  originally^ 
quarried,  but  was  subsequently  worked  in  the  usual  way  by  mining  ;^^ 
Bunny  resembles  Beam  in  its  usual  characteristics,  but  is  upon  a 
considerably  smidler  scale. 

At   Altenberg,   in    Saxony,    the   stanniferoua  rock,  which  ia 
ggnerally  a  porphyry  of  a  greyish  colour  sometimes  merging  into 
greisen,   a  rock   consisting   of    quartz  and   mica,   forms  a  mass 
1,400   feet    in   length,  and    900   feet  in    width,    surrounded    by 
granite  and  different  varieties  of  jxirphyry.     This  mass  contains 
tin  ore  throughout  its  whole  extent,  but  in  such  small  qiiantities 
as  to  be  almost  imperceptible  to  the  eye.     It  has  a  dark,  often 
almost  black  colour,  and  cnnsists  of  quartz,  felspar,  mica,  specular 
iron  ore,  tin  ore,  and  probably  a  little  wolfram.    Pyrites  is  sparingly 
disseminated  throughout  the  rock,  but  the  quartz,  which  occurs 
in   a  granular  form  without  any  apparent  crystalline  structure, 
is    often   the  only   mineral   "which   can   be  distinctly   recognised. 
Numerous   veins    of    quartz   traverse    this   fine-grained   metalU-V| 
ferous  rock  in  all  directions,  in  which  molybdenite,  bismuthine, 
copper   pyrites,    fluor   spar,  topaz,    prehnite.   and    nacrite,  some- 
times occur.     The  rock  differs  from  ordinary  greisen  in  that  its 
texture  is  not  quite  the  same,  and  in  containing  chlorite  and  specular 
iron  ore.      This  rock,  which  is  called  by  the  miners  Zwiltcr  or 
StockwerkS'porphyr,  \s,  as  well  as  the  neighbouring  granite,  travei^sed 
by  numerous  small  and  irregular  veins  of  quartz,  each  of  which  is 
bordered,  on  both  sides,  by  dark  stripes.     These  dark  stripes  merge 
without  any  distinct  line  of  junction  into  the  finely  granular  granite ; 
it  would    tlierefore  seem   as   though   the  dark  stripes  were  the 
result   of    impregnation    by    liquids    traversing    the    vein   fissure 
previous  to  its  becoming  filled  by  quartz.     From  analyses  made  at 
Freiberg  it  would  appear  that  there  is  but  little  difference  in  the 
composition   of  the  unaltered  granite,  the  dark-coloured   stripes 
bordering  the  quartz  veins,  and  the  zwitter. 

At  Geyer,  the  rock  enclosing  the  numerous  small  string-like 
veins  is  a  granite  of  whicli  the  felspar  is  much  decomposed.  This 
granite  has  broken  through  mica  schist,  and  the  associated  minerals 
are  schorl,  fluor  spar,  oxide  of  tin,  and  apatite.  Cassiterite  is  not 
only  present  in  the  small  parallel  veins,  but  ia  also  disseminated 
through  the  adjacent  rock.  The  veins  rarely  exceed  two  inches  in 
vridth  and  gradually  merge  into  the  granite. 

At  Zinnwald,  tin  ore  is  obtained  from  a  granitic  rocK  sometimes 
classed  as  a  greisen,  containing  but  a  very  small  proportion  of 


and  Ibnmng  a  flattened  dome-shaped  maell^^iicb  rises 

ill  a  larger  oue  of  porphyry.     The  whole  of  this  rock  is  fre- 

aently  stanniferous,  but  the  most  productive  deposits  exist  in  the 

Pibnu  of  concentric  zones,  none  of  which   exceed  twelve   inches 

in  thickness.     Seven  of  these  zones  or  foliations,  which  Burat^ 

is  as  contemporaneous  with  the  granite,  and  from  which  he 

lieves  they  were  separated  by  a  sort  of  liquation,  are  of  sufficient 

limportance  to  allow  of  being  worked  for  tin.     Subsequently  to 

itt  coQsoUdation  the   mass   of  the  granite  has  been  faulted  by 

|5aiious  fissures,  now  filled  with  clay  and  other  <l('bri8,  so  that  the 

metalliferous  sones  have  experienced  numerous  throws. 

At  the  Polberrow  Mines  in  the  parish  of  St.  Agnes,  Cornwall, 
a  pale  blue  slate  of  silky  lustre  is  traversed  by  numerous  small 
tin  veins.  This  rock  extends  to  Trevaunance,  forming  the  sca-cliflf 
between  that  place  and  Trevellas  Coombe,  and  contains  many 
(mall  quartz  veins  in  addition  to  several  lodes  and  cross-courses. 
The  way  in  which  these  tin  veins  occur  iu  slate  rock  is  well 
Olostrated   in   Fig.   42,  which  represents  a  specimen  from  this 


Fio.  «.— Tin  vrlrn  In  cliij  Hlntc,  PdlbiTTiiw. 


ity,  of  which  a  lithograph  is  given  by  Honwood,  in  his  valuable 

jjonograph  on  tlie  Metallilerous  Deposits  of  Cornwall  and  Devon- 

fl''ritiug   in  1838,  this  author  makes  the  following  observations 

.elative  to  the  workings  at   Polberrow : — "  In  pursuit   of  these 

fettle  tin  veins  the  excavations  have  been  so  numerous  and  exten- 

ive,  that  a  mass  of  rock  extending  from  the  sxirface  to  sixty  fathoms 

eep,  being  unsupported,  is  now  slowly  subsiding.     The  portion 

bus  in  motion  is  perhaps  sixty  or  eighty  fathoms  in  diameter,  and 

descent  at  the  rate  of  six  or  eight  feet  in  a  month.     The  miners 

>  "  Geologic  Appli<iu6o,"  PftTis,  1856,  p.  33t», 
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still  continue  their  labours  in  tbe  moving  mass."  This  appears  to 
be  the  only  stockwork  ever  extensively  worked  in  clay  slate,  and 
it  would  be  interesting  to  determine  by  means  of  analysis  whether 
the  whole  of  the  oxide  of  tin  is  contained  in  the  small  veins,  or 
whether  a  portion  of  it  may  not  be  enclosed  in  the  slate  itself. 

/.  Fahlbajnds. — The  celebrated  silver  mines  of  Kongsberg,  in 
Norway,  discovered  in  1623,  and  worked  with  comparatively  littl 
interruption  from  that  date  to  the  present  time,  are  situated  in 
district  consisting  chiefly  of  gneiss,  gabbro.  mica  schist,  hornbleud 
schist,  talc  schist,  and  chlorite  schist.     The  silver  ores  occur  in 
what  are  known  as  Fahllandi,  which  consist  of  parallel  belts  of 
rock,  of  considerable  width  and  extent,  impregnated  with  sulphides 
of  iron,  copper,  and  zinc,  and  sometimes  also  ^vith  those  of  lead, 
cobalt,   and   silver.      The  iron   pyrites  often    becomes,   to  some 
extent,  decomposed  near  the  surface,  giving  rise  to  the  formation     , 
of  hydrated  ferric   oxide  and  producing  a  kind  of  gossan,  which  iafl 
locally  regarded  as  an  indication  of  the  presence  of  silver  orea.^ 
These    faldbands,   or   grey   beds,   have   a   direction    very    nearly 
north   and  south.     They   are  irregular  in   their  dimensious,  the 
greatest  breadth  of  any  one  of  tliem  being  about  a  thousand  feet ; 
but  they  constantly  preserve  a  considerable  degree  of  parallelism 
with  one  another,  and  may  be  traced  upon  their  line  of  strike,  for 
a  distance  of  several  miles. 

The  amount  of  ore  disseminated  through  such  beds  is  usually 
very  small,  and  in  but  a  few  localities  only  has  it  been  fuund 
sufiBciently  concentrated  to  admit  of  its  being  profitably  worked. 
In  the  Kongsberg  district  there  are  several  of  these  fahlbands, 
parallel  in  strike  and  inclination  with  the  gneissoid  and  schistose 
strata  in  which  they  occur,  and  subject  to  the  same  local  dis- 
turbances of  stratification.  They  are  themselves  traveised  by 
fissure  veins  containing  silver  ores,  and  long  experience  has  shown 
that  these  are  productive  only  where  they  intersect  fahlbands. 
From  this  circumstance  it  becomes  evident,  not  only  that  the 
composition  of  the  lode  is  dependent  on  the  nature  of  the  adjacent 
rock,  but  also  that  the  metalliferous  portions  of  them  were,  in  all 
probabihty,  originally  derived  firom  the  fahlbands  through  which 
they  pass.  The  lodes,  which  are  numerous,  course  nearly  east  and 
west,  almost  at  right  angles  to  the  strata  and  fahlbands,  and 
generally  dip  towards  the  south,  although  a  few  of  them  incline  in 
the  opposite  direction.  As  a  rule  they  are  but  a  few  inches  in 
breadth,  seldom  exceeding  a  couple  of  feet,  and  their  narrower 
portions  are  usually  richer  in  silver  than  the  broader  ijjarta.  wkvch 
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are  chiefly  made  up  of  non-metalliferous  veinstone.  Their  breadth 
is  stated  to  increase  up  to  a  certain  depth  and  then  gradually  to 
diminish ;  the  portions  having  a  thickness  of  about  one  inch 
being  on  an  average  the  richest.  When  two  siich  lodes  intersect 
within  the  Limits  of  a  fahlband,  the  result  is  often  a  considerable 
pocket  of  ore.  The  lodes  are  without  selvages,  and  are  firmly 
attached  to  the  wall  rock,  which  for  some  distance  is  often  impreg- 
nated with  silver  ores. 

The  district  around  Skutterud  and  Snarum  consists  of  crystal- 
line schists  which  vary  between  gneiss  and  mica  schists,  but  which 
sometimes  pass  into  hornblende  schists.     These,  whose  course  is 
Dearly  north  and  south,  and  of  which  the  dip  is  almost  perpendicular, 
contain  metalliferous  zones  similar  to  those  of  Kongsberg.     They 
differ  from  them,  however,  in  that  the  ores  of  cobalt  which  are 
disseminated  througli  them  will,  in.  certain  places,  pay  the  expenses 
of  extraction,  while  the  fablbands  of  Kongsberg  are  only  important 
,'from  enriching  the   lodes   passing  through  them.     The  breadth 
>f  these  fablbands  varies  considerably,  although  their  width  cannot 
^always  be  accurately  determined,  since  a  gradual  transition  takes 
place   from  the   metalhferous  to  the  totally  barren  rock.     They 
, follow    the   strike  and  dip  of  the  schists,  and  are  sometimes  as 
^much  as  thirty-six  feet  in  width.     Veins  are  altogether  wanting 
in  these  fablbands,  and  on  the  outer  edges  of  the  cobaltiferous  beds 
are  others  containing  mispickel,  which  is  entirely  free  from  cobalt. 
The  principal  fahlband  is  known  to  extend  fur  a  distance  of  six 
miles,  and  is  bounded  on  the  east  by  a  quartzose  diorite,  which 
protrudes  into  the  bed  in  the  form  of  irregular  masses,  and  as 
dykes,  traversing  it  in  a  zigzag  course.     This  metalliferous  band 
is  also  intersected  by  dykes  of  coarse-grained  granite,  which  contains 
uo  ore,  but  whose  branches  sometimes  penetrate  into  the  diorite. 

g.  Contact  Deposits. — Contact  deposits  are  metalliferous 
accumulations  often  found  between  the  planes  of  contact  of 
dissimilar  rocks.  In  deposits  of  this  class  the  ore  is  usually 
concentrated  between  two  formations  differing  in  geological  age, 
and  unlike  in  their  mineralogical  characteristics.  When  strata 
have  been  uplifted  and  have  become  metamorphosed  through  the 
agency  of  a  central  intrusive  mass,  an  irregular  band  of  metalli- 
ferous ore  will  sometimes  be  found  extending  along  the  line  of 
contact  between  the  eruptive  and  altered  rocks,  while  in  other  cases 
it  may  be  met  with  at  some  inconsiderable  distance  from  the  line  of 
junction,  with  which,  however,  it  preserves  a  general  parallelism. 
Fig.  43  represents  an  ideal  section  of  a  line  of  contact  between  a 
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stratified  and  an  igneous  rock,  in  the  immediate  vicinity  of  which 
occur  the  metalliferous  deposits  a. 

Some  remarkable  deposits  of  this  character  are  met  with  near 
Framont,  in  the  Vosges,  where  masses  of  specular  iron  ore  surround 
a  central  boss  of  quartz-porphyry,  which  has  tilted  the  stratified 
rocks,  and  specular  ore  has  been  introduced  into  all  the  resulting 
fissures  and  cavities,  which  are  frequently  lined  with  beautiful  oystals 
of  that  mineral.  The  sheets  and  strings  of  copper  which  are  con- 
centrated at  the  junction  of  trap  and  sandstone  at  some  points  on 


Yta.  M.— Contact  depoaita. 

the  south  shore  of  Lake  Superior,  afford  an  example  of  the  deposit 
of  a  native  metal  along  the  contact  planes  of  two  dissimilar 
rocks.  The  copper  ores  of  Monte  Catini,  in  Tuscany,  also  belong 
to  this  class  of  deposit,  being  developed  along  the  line  of  outcrop  of 
certain  gabbros,  which  Burat  appears  to  regard  as  resulting  fix)m  the 
metamorphic  action  of  serpentine  upon  strata  of  cretaceous  age. 

Tliere  is  considerable  diversity  of  character  among  deposits 
of  this  kind,  the  chief  distinction  between  them  arising  fi-om 
the  circumstance  that  in  some  cases  the  ore  has  been  segre- 
gated from  one  or  other  of  the  neighbouring  rocks,  while  in  others 
it  has  apparently  come  from  a  foreign  source,  and  been  deposited 
in  more  or  less  continuous  sheets  in  cavities  formed  between  the 
surfaces  of  adjacent  rocks.  To  the  first  of  these  classes  appear 
to  belong  the  argentiferous  ores  of  Leadville,  Colorado,  which 
S.  F.  Emmons  regards  as  having  been  deposited  from  aqueous 
solutions  coming  from  above,  which  derived  their  metallic  contents 
from  neighbouring  eruptive  rocks.^ 

The  celebrated  quicksilver  mines  of  Almaden,  situated  in  the 
province  of  La  Mancha  near  the  frontier  of  Estremadura,  Spain, 
are  worked  on  three  parallel  bed-like  formations  belonging  to 
the  class  of  contact  deposits.  They  occur  at  the  junction  of 
Silurian  slates  and  sandstones  with  a  metamorphic  rock  generally 

*  "Geology  and  Miniiig  Indiiftry  of  LeadriUe,  Colorado,"  AnnvMl  Reptni  of  Ou 
Seeretary  ^  Oe  Interior.     Wuhmgton,  1882,  p.  284. 
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led  as  a  sandstone  metomoqihosed  by  the  action  of  a  mass 
|ili()nt«  upon  which  it  resu. 

IL  Chambeks  or  Pockets. — Chambers  in  limestone  rocks  form  ' 
I  nifloy  countries  receptacles  for  the  ores  of  various  metals,  but  no 
are  there  such  striking  examples  of  this  class  of  deposit  as 
fouDd  in  the  western  mining  districts  of  the  United  States  of 
nerica.     After  carefully  studying  these  masses  of  ore  in  situ,  Dr. 
irbeny  has  arrive<l  at  the  conclusion  that  they  constitute  a  distinct 
and  important  class  which  should  be  added  to  the  catalogue  of  forms 
uf  ore  deposit  heretofore  described.     Deposits  of  this  class  when  of 
!  size  are  in  Germany  included  under  the  name  of  Utockt,  while 
I  of  smaller  dimensions  are  named  either  Bittzen  or  Keder. 
Among  the  most  striking  examples  of  these  chamber  mines  are 
Eureka   Consolidated,  and    Richmond,  in    Nevada,  and   the 
Dma,  Flagstafi',  and  Kessler  Cave  Mines  in  Utah,  &c.     In  all  of 
em  the  ore-bodies  are  found  filling,  more  or   less  completely, 
gular  chambers  in  limestone,  and  the  aggregate  anuual  pro- 
duction of  such  deposits  is  now  very  large.     Ore  to  the  value  of 
200,000  is  said  to  have  been  extracted  frum  one  of  the  chambers 
the  Eureka  Consolidated,  and  a  still  larger  amount  from  the 
chamber  at  the  Emma  iliue.      Newberry  believes   these 
eposits  to  have  been  formed  in  the  following  way : — 
A  stratum  of  limestone  more  than  usually  soluble  iu  atmospheric 
iters  containing  carbonic  acid,  has  at  some  period  been  houey- 
Ctnibe<l  into  cliambers  and  galleries,  such  as  those  which  traverse 
be  liiaestoue  plateau  of  Central  Kentucky,  of  which  the  Mammoth 
»ve  is    a  well-known   example.      Subsequently   the  rock   was 
okcn  through  and  uplifted  by  the  subterranean   forces  wliich 
1V6  disturbed  all  bnportant  mining  districts,  and  through  the 
thus  formed  mineral  solutions  ascended  and  flowed  into 
? cavity  that  might  be  open  to  receive  them.     Whenever  these 
Bures  traverse  an   insoluble   rock,   they   have   become    fissure 
eins,  whereas,   when  cavernous  limestone  was  broken  into,  its 
ea  galleries  and   caverns  were  more  or  less  completely    filled 
lith  ore.     It  has  been  suggested  that   the  caves   now   holding 
bese  ores    may    have    been    produced    by    the    action    of    the 
me  metalliferous  solutions  from  which  the  ores  were  deposited. 
bis,  however,  he  does  not   think  probable,   since   many  of  the 
ivjtie*  are   without   ore   and   have    their    sides   incrusted   with 
jstalsof  caicite ;  and  even  where  ore  is  met  with  the  surrounding 
lIIs  are  always  hard  and  uuimpregnated  with  ore.     He  concludes.] 
efore  that  the  chambers  were  formed,  like  modern  caves,  by  I 
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surface  waters,  and  that  at  the  time  the  country  was  uplifted  and 
the  rock  shattered  some  of  them  only  were  broken  into ;  these 
alone  received  the  metalliferous  solutions  and  ultimately  became,  at 
least  partially,  filled  with  ore,  while  those  which  were  not  in  com- 
munication with  the  metalliferous  channels  have  remained  empty. 
The  character  of  the  ores  contained  in  these  chambers  varies 
as  much  as  it  does  in  ordinary  fissure  veins,  thus  showing  that  the 
nature  of  the  metalliferous  solutions  was  not  always  in  different 
localities  the  same.  There  can  be  no  doubt  that  argentiferous 
galena  was  the  ore  most  abundantly  deposited  in  these  chambers, 
but  in  some  cases  it  was  associated  with  large  quantities  of 
iron  pyrites,  while  in  others  this  mineral  is  almost  entirely 
absent. 

The  ratio  of  gold  to  silver  varies  greatly  in  such  ores ;  those  of 
the  Eureka  Mine  are  rich  in  lead,  and  contain  much  iron,  while 
the  aggregate  value  of  the  precious  metals  is  about  £14  per  ton,  of 
which  one  half  is  represented  by  gold  and  the  other  half  by  silver. 
The  ores  of  the  Emma  Mine  were  richer  in  lead,  and  contained  less 
iron  and  a  little  copper,  but  much  more  silver  and  less  gold.  Similar 
differences  occur  in  all  the  chamber  mines,  but  in  every  instance 
the  ore  has  become  thoroughly  oxidized.  In  some  of  the  neigh- 
bouring fissure  veins,  however,  the  decomposed  ores  of  the  chambers 
are  represented  by  unaltered  masses  of  galena  and  iron  pyrites, 
in  which  form  the  ores  were  doubtless  originally  deposited  in  the 
caverns  of  the  limestone  ;  in  such  veins  the  galena  usually  carries 
the  silver,  and  the  pyrites,  the  gold.  The  enormous  production  of 
silver  and  gold  from  the  chamber  mines  already  worked  in  the 
United  States,  sufficiently  demonstrates  the  great  importance  of 
this  class  of  deposit,  but  should  the  theory  suggested  by  Dr. 
Newberry  be  correct,  they  cannot  be  expected  to  extend  to  such 
great  depths  as  the  ore-bodies  of  fissure  veins ;  since  the  excava- 
tion of  the  limestone  if  produced  by  atmospheric  water,  cannot 
extend  beyond  the  zone  traversed  by  surface  drainage. 

General  Conclusions. — It  is  evident  that,  although  convenient 
for  the  purposes  of  description  and  for  fixing  our  views  within 
certain  limits,  no  classification  of  ore  deposits  can,  in  all  cases,  be 
quite  satisfactory,  and  this  becomes  at  once  apparent  when  we 
consider  the  numerous  points  of  resemblance  which  exist  between 
their  several  varieties.  A  segregated  vein,  if  everywhere  following 
the  stratification  or  foliation  of  the  enclosing  rocks,  may  be  readily 
mistaken  for  a  bed  ;  if,  however,  during  any  portion  of  its  course  it 
be  found  either  to  cut  across  the  stratification  or  foliation,  or  to 
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,ose  fragments  of  both  the  overlaying  and  underlaying  rocks, 
it  becomes  evident  the  deposit  can  only  be  regarded  as  a  vein. 

Tbe  two  essential  requisites  for  the  formation  of  an  unstratified 

ore  deposit  would  appear  to  be,  in  the  first  place,  tbe  existence  of  a 

alliferoiis  rock,  and,  in   the   second,  the  presence  of  suitable 

ivitjes  in  which  an  accumulation  of  mineral  can  take  place  from 

lotbn.     Such  cavities  may  either  assume  the  form  of  ordinary 

in  fissures,  or  that  of  chambers  or  pockets. 

Fissures  may  cut  distinctly  across  the  strata  independently  of 

iding  and  may  become  true  fissure  veins  ;  or  they  may  conform 

(be  stratification  of  the  enclosing  rocks  and  ultimately  give  rise 

deposits  of  the  class  knoiivn  as  segregated  or  bedded  veins. 

Fissures  owing  their  origin  to  deep-seated  causes  will  follow 

the  stratification  of  the  rock,  or  will  run  across  it,  according  to 

direction  of  the   forces  producing  them ;  fissures  of  a  tliird 

ption  may  be  formed  along  the  line  of  junction  of  an  eruptive 

rock  with  a  sedimentary  one,  or  between  two  rocks  of  eruptive 

origin  but  of  different  ages.      In  all  cases  the  process  of  filling  by 

iafiltiation  will  probably  be  the  same,  excepting  that  in  the  deeper 

fissures,  more   especially   in    those   in   the   vicinity   of    eruptive 

it  is  not  unreasonable  to  suppose  that  through  the  instru- 

iity  of  highly  heatecl  waters  a  portion  of  the  ore  and  veinstone 

Sf  have  been  derived  from  rocks  lying  at  considerable  distances 

at  very  great  de[iths.     It  is  likewise  not  improbable   that 

cbioges  in  local  conditions  may  sometimes  result  in  the  removal 

of  a  deposit  from  one   position  and   its  re-deposition  in  another. 

In  the  case  of  contact  deposits  there  appears  to  be  no  reason 

(nrbrlicving  that  the  juxtaposition  of  dissimilar  rocks  has  generally 

any  direct  influence  on  the  formation  of  ores ;  on  the  contrary, 

it  will  be  understood  that  between  the  surfaces  of  approximate 

cflntact  there  will  often  bo  spaces  suitable  for  the  reception  of 

nils,  and  should  one  or  both  of  the  adjoining  rucks  be  raetalli- 

and  other  circumstances  favourable,  deposits  of  ore  will 

the  result. 

Where.asat  Leadville.Colorado.a  great  thickness  of  metalliferous 
or  of  other  similar  rock  overlies  beds  of  limestone  in 
licb  brge  cavities  have  been  produced  by  the  action  of  carbonic 
aciii  contained   in  the  surface   waters,    these    may    become    the 
repositones  of  accumulations  of  ore  which  has  been  washed  out 
A  superincumbent  crystalline  rock.     In   other  cases,  as   in 
mines   of  Nevada  and  Utah,  the  metalliferous  solutions 
may   have    reached    the    cavern-like    receptacles  of    ore    from 
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beUiv  ami  through  fiaanres  in  rocks  not  readily  acted  upon  by 
carlxmic  acid. 

Gaah  veins  would  appear  to  be  the  result  of  the  action  of 
waters  containing  carbonic  acid  upcm  certain  fissures  in  limestone, 
which  subsequently  become  more  or  less  completely  filled  with 
minerals  deriyetl  bfun.  rocks  in  their  immediate  vicinity. 

Impregnations  may  be  regarded,  generally,  as  concentrations 
by  chemical  agencies  of  metalliferous  minerals  previously  dissemin- 
ated either  through  the  same  or  through  a  neighbouring  rock. 
This  concentration  appears  to  have  been  often  caused  by  the  per- 
colation of  metallic  solutions  through  the  substance  of  the  various 
rocks,  but  as  regards  "  carbonas  "  these  seem  to  have  fipequently 
arrived  bom  some  distance  through  fissures  in  direct  communica- 
tion with  lodes. 

Stockworks  are  sometimes  little  more  than  patches  of  crystal- 
line rock  containing  an  unusual  proportion  of  an  ore  which  is  more 
sparingly  disseminated  throughout  its  mass ;  any  minute  fissures 
which  may  occur  in  such  deposits  becoming,  as  in  the  case  of  &hl- 
bands,  metalliferous  by  a  process  of  segregation.  In  certain  cases, 
however,  as  at  Altenbeig,  a  portion  of  the  stanniferous  solution  has 
apparently  reached  the  stockwork  from  a  distance  through  fissures 
subsequently  filled  with  quartz.  As  is  exceptionally  the  case 
with  certain  fahlbands,  eruptive  rocks  sometimes  contain  patches 
sufficiently  impregnated  with  an  ore  to  admit  of  being  advantage- 
ously worked.  Such  metalliferous  patches  are  probably  in  some 
cases  the  result  of  an  originally  unequal  distribution  of  an  ore 
forming  one  of  the  constituents  of  the  rock,  but  there  does  not 
appear  to  be  sufficient  ground  for  believing  that  ore  deposits  in 
any  other  form  have  been  directly  produced  by  eruptive  action. 


PAET  II. 

ORE  DEPOSITS  OF    THE  PRINCIPAL 
MINING  REGIONS. 

In  selecting  for  description  some  of  the  more  important  ore 
deposits  of  the  world,  they  will  be  grouped  in  accordance  with 
their  geographical  distribution,  and  will  be  chosen  either  on 
account  of  their  economic  importance,  or  because  they  exhibit 
unusual  and  instructive  phenomena. 

The  principal  deposits  of  the  various  mining  countries  will  be 
described  in  the  following  order : — 

EUBOPE. — ^The  United  Kingdom,  France,  Belgium,  German 
Empire,  Austro-Hungarian  Monarchy,  Italy,  Greece,  Spain,  Portugal, 
Scandinavia,  Russian  Empire — Asia  in  Fart. 

Asia  and  Oceaitia. — Indian  Empire,  Straits  Settiements, 
Dutch  East  Indies,  Japan,  &c.,  Australasian  Colonies. 

Africa. — Algeria,  Cape  of  Good  Hope. 

North  America. — ^United  States,  Dominion  of  Canada,  Mexico. 

South  America. — Brazil,  Chili,  Bolivia,  Peru,  Guiana,  &c. 


EUROPE. 

THE  UNITED  KINGDOM. 

The  most  important  mines  of  the  United  Kingdom  are  situated 
in  the  counties  of  Cornwall  and  Devon,  in  Shropshire,  Yorkshire, 
Derbyshire,  and  North  Lancashire,  as  well  as  in  Westmoreland 
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and  Durham.  Mining  is  also  extensively  carried  on  in  Anglesea 
and  various  other  parts  of  Wales,  in  the  Isle  of  Man,  in  the  south- 
west of  Ireland,  and  the  south  and  west  of  Scotland. 


England. 

Silver  mines  were  worked  in  Britain  before  the  invasion  of 
island  by  the  Romans,  and  gold  must  have  been  well  known 
the  inhabitants  of  tliLs  covintry  before  the  arrival  of  CsBsar,  since 
coins  of  that  metal  were  then  in  circulation  among  them.  Caesar 
and  Strabo  agree  in  stating  that  the  Britons  obtained  their  copper 
from  fort-ign  sources,  and  iron  is  described  by  the  former  as  being 
ao  rare  as  to  be  sometimes  employed  as  a  medium  of  exchange ;  a 
century  later,  however,  it  was  so  common  as  to  have  become  an 
article  of  export.  Tin  was  anciently  the  most  important  metallic 
production  of  Great  Britain,  and  a  desire  to  obtain  possession  of 
the  mines  producing  it,  and  thereby  becoming  independent  of  the 
Phoenician  nionopoly,  appears  to  have  first  induced  the  Romans 
visit  the  island.  About  the  middle  of  the  sixteenth  centu 
mining  was  less  intelligently  conducted  than  on  the  Continent, 
wo  are  told  by  Sir  John  Pettus '  that  "About  the  third  year  of 
Queen  ElvMhdh,  she,  by  the  advice  of  her  Council,  sent  over  for 
some  Germatifi  experienced  in  J/j/i«,  and  being  supplied,  she,  tl 
teuth  of  October,  in  the  sixth  of  her  reign,  grants  the  Mines 
eight  Counties,  besides  these  in  Wales,  to  Houghdttttr,  a  Germa 
&c.,  whose  name  and  Family  still  continue  in  Cardiganshire;  and 
doubtless  we  had  much  of  our  knowledge  from  their  Predecessors, 
who  revived  this  work  in  Cardiganshire.  They  also  entered  upon 
another  work  of  Copper  at  Keswick,  in  Ctnnberlaiid." 

In  addition  to  having  been  long  pre-eminent  as  a  tin-producing 
country,  England  was,  for  a  period  somewhat  exceeding  a  century, 
likewise  the  largest  producer  of  lead,  copper,  and  iron  ores, 
Although  still  yielding  a  more  considerable  amount  of  iron  o: 
and  producing  a  greater  quantity  of  pig  iron  than  any  oth 
country  in  the  world,  as  far  as  tlic  other  metals  are  concemi 
England  has  at  the  present  time  various  formidable  and  successful 
rivals.  Among  European  countries  Spain  may  be  cited  as  producing 
larger  quantities  of  lead  and  copper,  while  recent  colonial  enter- 
prise has  resulted  in  the  di.scovery  of  large  and  exceedingly  ricl 
deposits  of  tin  ore  in  Australia. 

Cornwall. — The  metalliferous  rocks  of  Cornwall  compreheni 
>  "  FodinsB  Regalcp,"  1670,  p.  20. 
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granite  and  slates,  associated  in  some  places  either  with  hornblendic 

Kicks  or  with  tharut  (quartz-porphyries),  whicii  usually  form  broad 

I  djkes  intersecting  indifferently  both  granite  and  slate.*     Granite 

-  in  four  principal  masses,  besides  several  smaller  ones,  its  chief 

uents  being  quaitz,  felspar,  and  mica  ;  although  in  addition 

toihese  schorl  is  everywhere  more  or  less  abundant.     The  felspar 

mica  of  Cornish  granites  are  of  at  least  two  kinds,  and  the 

itic  ground-mass  sometimes   includes  large  crystals  of  both 

and  tourmaline.     The  granite  is  for  the  most  part  somewhat 

^BOtne-grained,  but  varies  considerably  in  this  respect  in  different 

Jocilities,  while  the  more  coarsely  cryst^dline  rock  is  not  unfre- 

ently   traversed    by   granite  veins   of   a   much   finer  texture. 

beroidal  masses  of  schorl  rock  are  sometimes  enclosed  in  the 

ite.     Two  distinct  series  of  joints  intersect  the  granite  nearly 

ot  right  angles,  dividing  it  into  approximate  cubes,  while  others, 

in  intermediate  directions,  again  subdivide  it  more  or  less  irregu- 

,  Jarly.    The  granite  of  this  region  frequently  exhibits  a  foliation 

Bkicb  roughly  approximates  to  the  contour  of  the  surface  and 

^npart*  to  the  rock  a  somewhat  gneissoid  character. 

The  slates,  which  are  locally  known  as  killas,  usually  rest  on  the 
lite  at  a  considerable  angle,  but  in  some  cases  the  junction  ia 
ily  vertical,  while  in  othere  the  two  rocks  are,  in  the  immediate 
Icinity  of  their  boundaries,  considerably  mixed.     Near  the  line 
'junction  the  granite  is  not  uufrequently  extremely  fine-grained, 
lliile  the  slate  often  becomes  hard  and  massive,  but  differs  from 
be  granite  La  general  appearance,  as  well  as  in  being  also  much 
xker  in  colour.     Veins  of  granite  frequently  penetrate  the  slate, 
mi  masses  of  the  one  rock  are  sometimes  enclosed  in  the  other. 
In  (me  district,  at  a  considerable  distance  from  any  known  large 
Wly  of  granite  171  5J/?<,  numerous  detached  spheroidal  bnuMers  of 
.that rock  have  been  found  enclosed  Ln  slate.     No  general  dcscrip- 
Hon  can  be  given  of  the  mineralogical  composition  of  the  slates  of 
romwall.  since  the  nature  and  proportions  of  their  several  con- 
itituentg  are  seldom  constant  over  any  considciable  area.     Among 
teir  recognizable  minerals,  however,  quartz,  felspar,  mica,  chlorite^  ■ 
cborl,  and  hornblende  are  the  most  conspicuous.     In  the  vicinity 
>f  granite  the  slates  are  frequently  of  a  green,  brown,  purple,  or 
Jet  hue ;  but  at  more  considerable  distances  from  it  they  are 

'  Tho  mctollifercms  fJistricIs  of  Cornwall   hove  been  more  curc-fullv  tiescrilwd  by 

^-  J.   Henwood  thnn    by    iiny   other    observer,  and    I    hnve    much   pleosuro   in 

irhinwlptlpnij;   my  obligations   to   bis  work,    "  On   the   Mi-talliferous   Depoaifs  of 

_  Wwalj,"   Trant.  Ilfiii.  Ofol.  Soe.  of  Conivmll,  vol.  v.,  mid  to  hia  AiMrts$,  Soyal 

Ai^Ktitfii  qf  Conwali,  1871,  for  much  impoTtant  iuformatiou. 
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often  of  a  grey,  bluish-grey,  deep-blue,  brownish-yellow,  or  buff 
colour,  and  in  some  localities  contain  fossils,  chie6y  of  Devonian  age. 
Certain  of  these  slates  are  distinctly  crystalline  and 
imperfect  cleavage,  while  others  are  highly  fissile;  all  are,  howevi 
more  or  less  inter  laminated  and  veined  with  quartz.  The  plam 
of  bedding  almost  invariably  dip  from  the  granite,  the  vario' 
layers  of  slate  thus  mantling  round  the  slopes  of  the  granitic  hills. 
Sandstones  sometimes  occur  interstratified  with  the  slates,  whi 
are  also  occasionally  traversed  by  dykes  of  diabase. 

Quartz-porphyry  usually  occurs  in  the  form  of  dykes  kno 
as  elvan  courses,  which  are  sometimes  only  a  few  feet  in  width,  h 
are  generally  much  wider.  Less  frequently  elvan  has  been  met 
with  in  apparently  isolated  masses.  Elvan  courses  traverse  granite 
as  well  as  slate  without  interruption,  and,  in  one  case  at  least, 
two  lodes  would  appear  to  have  been  intersected  by  an  elvan. 
Dykes  of  this  rock  frequently  conform  both  in  direction  and  dip 
to  one  series  of  joints  in  the  rocks  which  they  traverse,  but  are 
rarely  conformable  with  the  cleavage  planes  of  the  slate.  Elvan 
courses  sometimes  divide  into  branches  or  offshoots,  but  this 
occurs  less  frequently  than  in  the  case  of  lodes.  \Mien  enclosed 
in  slate,  elvans  are  usually,  to  a  large  extent,  composed  of  a  com- 
pact felspatbic  ground-mass  -with  quartz  and  a  little  schorl  or 
mica,  enclosing  white,  buflF,  pink,  or  dove-coloured  felspar  with 
crystals  of  quartz,  which  are  often  double-pointed,  and  of  w' 
the  faces  and  edges  sometimes  appear  to  be  slightly  rotmdi 
When  passing  through  granite,  quartz  and  felspar  still  prevail, 
mica  and  schorl  are  abundant,  as  well  as  are  also  porphjnriticallj- 
enclosed  crystals  of  felspar  and  quartz;  but  the  texture  of  the 
ground-mass  is  usually  finer  than  it  is  when  traversing  slates, 
In  both  rocks,  however,  elvan  is  coarser  in  grain  near  the  cem 
of  the  mass  than  in  the  vicinity  of  its  sides. 

Numerous  joints  traverse  the  elvans  in  all  directions,  divii 
them  into  blocks  of  irregular  form;  these  crevices  are  in  some 
cases  feced  with  schorl,  while  in  others  they  are  filled  either  with 
a  white  or  a  ferruginous  clay.  The  quartz  of  elvans  contains  fluid- 
cavities  very  similar  to  those  found  iu  that  mineral  when  occurring 
in  granite.  Throughout  the  mining  districts  of  Cornwall  the  ran  of 
the  elvan  courses  is  a  few  degrees  north  of  east  and  south  of  west,  bu' 
in  other  parts  of  the  county  they  vary  considerably  from  this  dir© 
tion.  Their  dip  is  less  than  that  of  the  lodes  by  which  they 
intersected,  but  greater  than  the  dip  of  the  cleavage  planes  of 
slates  which  they  intersect. 
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The  serpentine  of  Cornwall  is  traversed  by  numerous  veins  and 

aches,  which  sometimes  contain  native  copper,  but  this  metjil 

not  occur  in  suflicient  quantities  to  entitle  the  rock  to  rank 

lunong  the  metalliferous   series  of  the  county.     Veins   of   fine- 

[giainiHl  granite  sometimes  penetrate  not  only  tlie  outer  edges  of 

be  granitic  bosses  but  also  the  adjoining  fossiliferous  rocks,  in- 

lelnding  the  Culm  series.     The  elvans  hold   tlieir  course  sti'aighb 

fthrough  the  granite  and  the  granitic  veins,  and  these  are  agaia 

i  traversed  by  veins  containing  tin  and  copper  ores.     The  lodes  are, 

therefore,  newer  than  the  elvans,  and  tbe  most  ancient  mineral 

,  Teius  of  Cornwall  arc  consequently  younger   tlian    the  Carbon 

llfeions  period  ;  they  are,  however,  probably  not  more  recent  tha 

[the  Permian,  since  no  lodes  have  been  discovered  in  the  sand 

;  belonging  to  the  Poikilitic  group. 

bi  certain  exceptional  instances  it  might,  at  first  sight,  appear 

that  elvans  were  posterior  to  tin   veins,  but  the  observations  of 

iSirH,  T.  De  la  Beche  led  him  to  an  opp<.isite  conclusion,  and  he 

i  shown  how  the  cases  which  have  been  brought  forward  in  sup-fl 

■t  of  that  view  may  be  otherwise  interpreted,^     Tin  ore  occurs 

fiistemiDated   through    granites,    elvans,    and   states,   as    well   as 

in  miaute  veins  in  these  rocks.     Copper  ores  are  soraetimea 

,  sporadically  distributed   through   the  granites,  elvans,  and  slates 

in  the  same  way  that  these  rocks  are  impregnated  with  tin  ore. 

[Bach  impregnations    of    copper,    however,    seldom    possess    any 

eommi»rci:d  importance. 

The  principal  repositories  of  the  various  ores  of  Cornwall  aro 
iWes,  which  consist  to  a  large  extent  nf  <^uartz,  and  extend  without 
jinterruptiou  through  every  rock  of  the  luet^dliferous  series;  they  ™ 
|Iio\revGr,  in  some  degree,  partake    of  the   characteristics   of  tlial 
different  rocks  through  which  they  pass.      Notwithstanding  that 
'irorfcings  often  extend  for  considerable  distances  on   lodes  corre-  _ 
«poDding  in  direction,  it  is  by  no  means  certain  that  any  individual  ■ 
lie  has  ever  been  traced  for  a  length  of  above  a  mite.     Every 
da  throws  off  branches  and  strings  into  the  adjoining  country 
rock,  anil  this  frequently  occurs  to  such  an  extent  that  instead  of 
laining  a  single  fhampion  lode  the  vein  becomes  divided  into  a 
iplex  and  irregular  network.    A  hide  will  also  often  dwindle  to 
aere  line,  while  some  of  its  offshoots  become  enlarged,  and  finally 
pd,   both  in   size  and  richness,   the   vein  from    which    they 
inaUy  separated.      It  is  by  no  means  unusual  for  a  lode  to 
immediat-ely  at  its  point  of  intersection  with  a  cross-course, 

•   "  Report  on  the  Gcologj-  of  ComwoU  and  Devon."  1839,  p.  310. 
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on  one  side  of  which  it  will  be  united,  while  on  the  other  it  is 
divided  into  several  branches. 

Lodes  which  are  approximately  parallel  in  direction  dip  at 
various  angles  or  in  different  ways,  and  consequently  they  not 
unfrequently  intersect  one  another.  The  results  of  such  inter- 
sections are  exceedingly  various :  sometimes  such  veins  unite  and 
continue  together  for  some  distance,  but  at  length  separate.  Not 
uncommonly  one  lode  is  displaced  horizontally,  or  thrown  vertically, 
by  the  other,  while  occasionally  both  are  disordered  and  lose  their 
distinctive  characters  at  the  point  of  intersection.  Qenerally  speak- 
ing, lodes  which  yield  a  mixture  of  the  ores  of  tin  and  copper 
are  wider  than  those  which  contain  ores  of  only  one  of  these 
metals.  The  lodes  of  Cornwall  are  wider  in  slates  than  in 
the  granite,  and  their  average  width  is  greater  within  100 
fathoms  from  the  surface  than  at  any  greater  depth  hitherto 
attained.  Henwood  furnishes  the  following  figures  as  the  result 
of  his  investigations  relative  to  the  thickness  of  Cornish  lodes  : — 


Lodes  yielding  ores  of  both  tin  and  copper  average  4'7  feet  in  width. 


„      tin  ores  . 

II 

30 

„       copper  ores     . 

M 

2-9 

in  granite 

»l 

31 

in  slate 

II 

37 

at  less  than  100  fathoms  deep 

11 

3-9 

at  more      „         „          „     . 

•                      M 

33 

On  passing  from  one  rock  to  another,  or  from  riches  to  pov- 
erty, the  width  of  a  lode  frequently  changes,  but  under  ordinary 
ciroumstaucos  a  lode  commonly  maintains,  approximately,  its 
char!»ct«»ristic  breadth.  Tlie  direction  of  lodes  in  the  different 
mining  districts  aro  not  perfectly  identical,  nor  are  all  those 
ocourring  in  the  same  neighbourhood  strictly  parallel. 

Tho  ivntral  }^K^rtions  of  the  county  are  traversed  by  two  systems 
of  voins.  namoly.  champion  lotles  and  <x>unUr  lahs,  each  of  which 
maiutnins  .'»pprnximatoly  itii  own  normal  range ;  but,  even  in  the 
niivst  wostorn  district.  tl>.o  veins  exhibit  a  certain  degree  of  diver- 
g^Muv.  Notwithst^nuling  that  there  is  scan?ely  a  point  of  the 
cinujwss  towarvls  which  sk^mo  Kxie  is  not  known  to  tend,  and  that 
tho  Kvlos  in  many  Kvalitics  have  aa  approximate  coincidenoe, 
their  nuvan  diivctioa  diflfen  BataMUf  in  Tanoos  parts  of 
Ooruwall. 


PABT  IL] 


ENGLAND. 


115 


St.  Ju>it  .    . 

35"  .S. 

of  E. 

y. 

of  W. 

It.-Jnjfh 

St.  Ivf^       . 

S"  S. 

of  K. 

N. 

of  \y. 

•St.  Agnrs 

Hnrnzion 

1=N. 

of  E 

S. 

of  W. 

St.  Austell 

Owineu'     , 

2°  S 

of  E., 

N. 

of  W. 

Cnrndon  . 

Htdston  .    . 

16'  N. 

of  E. 

8. 

of  AV. 

Tavistock 

CWmbome  . 

2«yN. 

of  E., 

S. 

of  W. 

The  mean  direction  of  tlio  lodes  iu  different  pai-ts  of  Cornwall 
an?  given  by  Hen  wood  as  follows : — 


22-  y.  of  E.,  S.  of  W. 
22'  N.  of  E.,  .S.  of  W. 
13'N.  of  E.,  S.  of  \V. 
18"  N.  of  E..  S.  of  W. 
9°2f.  of  E.,S.  of  W, 


Their  average  bearing  is  abr)ut  5°  N.  of  E.,  S.  of  W.,  a  range 
vrhich  does  not  materially  differ  from  that  of  the  granite  out^crops 
which  at  intervals  make  their  appearance  between  Dartmoor  and 
the  Land*3  End,  and  also  not  unlike  the  course  of  a  line  dravn 
directly  through  the  centre  of  the  county.  Lodes  present  as 
many  flexures  in  their  downward  cwiurse  as  in  their  horizontal 
direction,  and  vary  in  dip  from  an  inclination  of  loss  than  45° 
w  ith  the  horizon  to  90° ;  the  average  being  probably  about  7U°. 
Sometimes,  although  less  frequently,  lodes  dip  in  opposite  directiona 
iu  different  parts  of  their  range.  Both  lodes  and  cro.as-courses 
dip  more  frequently  towards  the  granite  than  away  from  it,  and 
veins  which  maintain  a  nearly  meridional  direction  are  in  Corn- 
all  more  highly  inclined  than  those  coursing  more  nearly  east 
d  west. 

Lotles  intersecting  dissimilar  rocks  obliquely  to  their  line  of 
junction  are  sometimes  slightly  deflected,  and  for  a  short  distance 
occasionally  pass  between  them,  but  they  suffer  no  interruption 
and  soon  resume  their  original  direction.  In  such  cases  the 
rocks  often  occupy  corresponding  positions  on  both  side.*;  of  the 
vein ;  sometimes,  on  the  contrary,  a  faulting  of  the  strata  has 
taken  plarie  along  the  course  of  the  lode,  and  the  horizontal  anJ 
vertical  range  of  the  npcks  on  its  two  sides  may  be  very  different. 
Both  the  composition  and  structure  of  lodes  is  materially  iutiuenced 
by  the  rocks  in  their  immediate  vicinity. 

Those  parts  of  the  lotles  of  Cornwall  which  are  most  uniform  in 
composition  consist  chiefly  of  crystalline  quartz  containing  many 
fluid  cavities,  and  in  8\ich  places  a  distinctly  jointed  structure 
of  the  veinstone  is  frequently  apparent;  but  where  the  filling 
of  the  vein  fissure  is  made  up  of  more  heterogeneous  materials 
this  characteristic  is  less  commonly  observed.  The  quart zose 
portions  of  veins  are  sometimes  divided  into  combs  which 
curve,  unite,  separate,  and  again  fall  together  in  stich  a  way 
that,  without  being  strictly  parallel,  the  thicker  parts  of  certain 
layers  ad.ipt  themselves  to  the  thinner  portions  of  othcrB. 
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When  lodes  coincide  in  direction  with  the  joints  of  the  enclosings 
rock,  their  walls  are  usually  smooth  and  well  defined,  but  wheczz 
the  joints  disappear  there  is  generally  a  gradual  transition  fron— 3 
the   veinstone    to    the   country    rock.      Lodes    not    only    aflforc3 
instances  of  foHation  parallel  to  their  strike,  but  they  are  aLsc=:> 
frequently  traversed  by  cross-joints  imparting  to  them,  in  som^^ 
degree,  the  appearance  of  horizontal  bedding.      Fissures  in  th^ 
vicinity  of  the   line    of  separation  between  veinstones   and   the 
country  rock  are  often  filled  with  flucans  which,  like  slickensides, 
are  frequently  scored  with  curved  and  unconformable  striae. 

Many  lodes,  from  enclosing  portions  of  the  adjoining 
country  rock,  present  a  brecciated  appearance.  Lodes  of  this 
character  are  not  uncommon  in  both  granites  and  elvans,  but  are 
most  conspicuous  in  slates.  In  some  instances  these  inclusions 
have  the  form  of  roughly  lenticular  or  sheet-like  bodies ;  oc- 
casionally they  are  sharply  defined,  while  sometimes  they  appear 
to  pass  by  imperceptible  gradations  into  the  surrounding  veinstone. 
Less  frequently  they  are  enclosed  in  successive  accretions  of  quartz, 
each  distinguishable  by  some  peculiarity  of  either  structure  or 
colour.  Small  cavities  surrounded  by  botryoidal  concretions  of 
agate-like  silica,  often  lined  with  crystals  of  quartz,  occur  at  in- 
tervals between  the  fragments  of  included  rock.  When  these 
fragments  consist  of  slate,  their  planes  of  cleavage  are  almost 
always  coincident  with  those  of  the  enclosing  country  rock,  but 
when  the  country  consists  of  either  granite  or  elvan,  the  pieces 
included  in  the  lode  being  of  the  same  material,  their  general 
resemblance  to  the  veinstone  is  so  close  that  their  relations  are 
less  easily  detected.  When  such  phenomena  occur  on  the  line 
of  contact  of  different  rocks,  their  planes  of  junction  observed 
in  the  enclosed  horses  are  on  jM-ecisely  the  same  horizon  as 
their  counterparts  in  the  rock  by  which  the  lode  is  enclosed. 
Felspar  is  abundant  in  all  l.xles  passing  through  granites  and 
elvans,  but  in  slato  quartz  is  the  predominating  veinstone.  The 
outcrops  and  shallower  portions  of  nearly  all  lodes  are  usually 
to  some  extent  composed  of  gossin,  i^^nsisting  of  an  earthy  iron 
ore  mixetl  with  granular  quartz,  and  fro<juently  containing  oxide 
of  tin  with  other  metalliferous  minerals. 

When  tin  Ivies  traverse  the  gr.inite,  their  most  productive 
veinstone  is  usuvilly  pale-green  or  brc»wnish-red  felspar,  imperfectly 
crystalline,  and  associated  with  quartz  and  schorl;  but  quartz 
and  schorl  are  sometimes  abundant  ingnniient^  and  occasionally 
quartz  prevails.    The  tin  oxide  U  nsually  present  in  the  form  of 
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cn-stalline  granui^^hich  seldom  exceed  the  size  of  a  pea,  but  are 
more  oftt-u    uiicioscopically   minute.      In  slate   tin  lodes  consist 
chiefly  of  capel  or  quailzose   slate,  clilorite,  quartz,  and  schorl, 
in  thin  alternations.    The  oro  is  disseminated  in  oven  more  minute 
jjarticles  among  these  minerals  than  it  is  in   the  lodes  of  which 
the  couutjy  rock  is  granite.     Copper  lodes  in  granite  have  almost 
'  jjffays  tto  outcrop  of  gossan,  which  sometimes  extends  to  con- 
Stlerable  deptlis;  but  the  quartz  associated  with   them  is  rarely 
to  friable  as  it  is  in  similar  deposits  enclosed  in  slate.    The  cavities 
wliich  iiccur  in  this  slightly  coherent  material  often  contain  earthy 
brown  iron  ore,  coloured  clays,  black  copper  ore,  and  malachite. 
kAtgrpuler  depths  fluor  spar  is  not  an  uncommon  veinstone,  Avhile 
IWaclc  copper  ore  is  fi-equeutly  succeeded  by  chaleocite,  and  this 
bycopjier  pyrites.     In  one  of  the  most  important  mining  localities 
tt  (Airnwnll,  the  outcrops  of  many  uf  the  lodes  were  anciently 
ufked  for    the   tin   ore   which   they  afforded  near  the   surface, 
proceeding  downwards,  however,  the   tin   became   gradually 
placeil  by  copper  ores,  of  which  the  lodes  were  for  some  time 
St  productive   repositories  ;   still   deeper,  tin   ore   rc-appeareil, 
aud  for  many  years  this  has  been  almost  the  only  metalliferous 
luct  of  the  ueighbourh(X)d.     Copper  lodes  in  slate  often  contain 
quantities  of  spongy,  pule-browu  or  yellowish  iron  ore,  with  a 
oiUiU  proportion  of  oxide  of  tin,  and  iron  p^Tites  in  considerable 
«f       '       '  ,  with   more  or  less  blende  and   galena.     Their  other 
C'  ita   are  quartz,  which  in   the  more  productive  lodes  is 

often  exceedingly  friable,  and  is  mixed  with  prian  or  feLspathic 
ly  ;  less  frequently  with  chlorite,  and  still  more  rarely  with  fluor 
Near  the  surface  these  minerals  are  often  associated  with 
pyrites,  earthy  black  copper  ore,  and  malachite,  and  these 
Bucceeded  by  chaleocite,  which,  together  with  all  the  other 
ttalliferous  minerals,  is  ultimately  replaced  by  chalcopyrite. 
jtwithstauding  that  the  ores  of  tin  and  copper  often  affect 
fercnt  lodes,  and  even  different  rocks,  they  are,  nevertheless, 
tituately  associated  in  some  of  the  most  productive  veins  of 
county.  Ores  of  lead  for  the  most  part  occur  at  some  dia- 
ice  from  the  granite,  and  are  principally  limited  to  groups  of 
lodes  traversing  slaty  rocks  in  a  different  direction  from  those 
producing  tin  and  copixjr. 

It  has  been  before  stated  that  the  most  compact  portions  of 

lodos  of  Cornwall  are   chiefly  siliceous,  and  that  they  are 

retimes   comjxised   entirely   of   quartz;    occasionally,   however, 

whole  substance  of  a  lode  becomes  metalliferous.     The  altera- 
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tion   from   poverty-  to  riches  is  seldom  a  sudden  one,  since  the 
veinstone  in  the  neighbourhood   of  large  bodies  of  ore  usually 
becomes  increasingly  impregnated   with  the  same  mineral  as  it 
approaches  the  larger  mass.     In  all  lodes,  whatever  may  be  the 
nature  of  the  ore  which  they  produce,  the  most  highly  incline.^ 
portions  are  the  most  productive ;  and  almost  all  bodies  of  or-a^ae, 
whether  of  tin,  copper,  or  lead,  have  an  end-long  dip,  usualBC~iyj 
approximating  to  the  foliation  of  the  enclosing  granite,  or  to  tli — 9b^ 
bedding  or  cleavage-planes  of  the  surrounding  slates.    Lodes  Hn^manA 
branches  are  frequently  richer  at  their  junction  with  one  anoth^^  -aer 
than  they  are  elsewhere;  particularly  when  they  come  togethc^^  jer 
horizontally  or  on  their  dip  so  as  to  form  an  acute  angle.     Whet  -^^n 
lodes  of  a  soft  or  granular  character  pass  into  a  rock  of  mor* — ^re 
than   ordinary    hardness,   they  frequently  divide    into  numerou-^os 
branches;   while   the  same  effect  is  sometimes  produced  by  th^—  e 
passage  of  a  lode  into  unusually  soft  .strata. 

Rocks  possessing  a  considerable  degree  of  hardness  are  more=^ 
frequently  productive  of  tin  than  they  are  of  copper,  and,  botl~— 
in  granite    and   in  elvan,  a  well-defined  porphyritic  structure  i^v 
regarded  by  miners  as  an  unfavourable  indication ;  while  in  botl*. 
rocks  a  gradual  blending  of  the  included  crystab  with  the  sur- 
rounding gi'ound-mass  is  considered  an  encouraging  circumstance. 
Transverse  joints  often  exercise  an  unfavourable  influence  on  the 
proluction  of  a  lode,  and  a  course  of  ore  sometimes  terminates 
abruptly  at  such  a  fissure.     During  many  years  the  chief  produce 
of  two  important  and  almost  adjoining  tin  mines  in  Cornwall,  was 
obtained  from  deposits  of  which  examples  on  a  large  scale  are  not 
met  with  in  other  parts  of  the  county.    These  deposits,  which  are 
locally  known  as  "carbonas,"  will  be  again  referred  to  in  connection 
with  the  tin  deposits  of  the  St.  Ives  district. 

Veins  which  chiefly  consist  of  quartz,  and  which  with  rare 
exceptions  yield  neither  ores  of  tin  nor  copper,  are  in  the 
St.  Just  district  called  guides,  while  in  the  neighbourhood  of 
St.  Ives  they  are  known  as  trairm,  and  in  other  parts  of 
Cornwall  as  cross-courses.  When  such  veins  consist  of  clay  only, 
they  are  called  fucans.  In  the  following  table  Henwood  applies 
the  term  ci'oiiS-vci7i  to  both  varieties.  The  mean  directions  of 
cross-veins  in  different  parts  of  Cornwall  are  as  follows  : — 


St.  Just  ...  26'  N.  of  E  ,  S.  of  W. 
St.  Ives  .  .  .  3S»  S.  of  K.,  N.  of  W. 
Marazion  .  .  41'  S.  of  K.,  N.  of  W. 
Gwinear  .  .  45°  E.  of  S.,  W.  of  N. 
Hidston  ...  SI"  S.  of  E..  N.  of  W. 
Cambjrne  .      84*  E.  of  S.,  W.  of  K. 


Redruth  .   .  .  35^  S.  of  E.,  N.  of  W. 

St.  Agnes   .  .  3S>»  E.  of  S.,  W.  of  N. 

St  Aiutcll  .  .  21*  &  of  E.,  N.  of  W. 

Menheniot  .  .    S"  N.  of  E.,  S.  of  W. 

Caiadon  .   .  .  1S»  E.  of  S.,  W.  of  N. 

Cdlington  .  .  49-  S.  of  E,  N.  of  W. 
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Tbeir  average  bearing  tLrougbout  the  county  is  about  soutb-cast  to 
Wirtb-west.  which  does  not  ditier  materially  from  that  of  one  of  the 
most  distinctly  developed  series  of  joints  in  the  rocks.  The  average 
inclination  of  cross-veins  maintaining  the  general  range  is  about 
80',  whereas  that  of  those  which  run  more  nearly  east  and  west 
icsircely  exceeds  60°.  Their  dip  is  more  frequently  towards  the 
granite  than  in  the  contrary  direction. 

Cross-veins  are  wider  in  granite  than  in  slate,  and  at  great 
depths  than  near  the  surface. 

Tlie mean  width  of  cross-veins  in  granite  averages  49  feet. 
„  „  „  „  slate  „  35     „ 

„  „  at  less  than  100  fathoms  deep  4'0     „ 

at  more  ..  „  4  4     ,. 


-veins,  like  lodes,  partake  of  the  nature  of  the  diflTerent 
*^ocks  thn)Ugh  which  they  pass ;  thus  in  granite,  notwitlistanding 
le  occasional  occurrence  of  quartz,  the  principal  constituents  are 
»e  minerals  of  which  granite  is  composed.    In  homogeneous  slate, 

the  contrary,  they  are  not  ulifrequcntly  fiucans  consisting  of 
iturated  slate.  Sometimes  cross-veins  are  only  developed  at 
irtain  depths  from  the  surface,  and  disappear  buth  horizontally 
id  vertically  within  very  short  distances. 

Small  quantities  of  copper  and  silver  as  well  as  of  the  ores  of 
jese  and  other  metals  occur  in  cross-veins,  but  they  are  frequently, 
Itbougb  not  always,  limited  to  those  portions  of  the  vein  which 

1  through  lodes  in  which  such  metals  and  ores  prevail.     A  large 

jrtion  of  the  richest  lead  veins  in  the  county  of  Cornwall 

ive,  however,  nearly  the^ame  direction  and  mineral  characteristics 

the  principal  cross-veins.  Cross-veins,  intersecting  both  the 
acks  and  lodes  through  which  tliey  pa.«!S,  when  composed  of 
ivemous  quart.z,  afford  almost  the  only  natural  channels  for 
je  ready  circulation  of  undergrouinl  waters;  on  the  other  hand 
liose  portions  which  liave  been  fiHi'd  with  fiucan  are  so  thoroughly 
ipenneabie  that  they  are,  for  this  reason,  not  unfrequently  chosen 

the  boundaries  of  areas  leased  for  mining  purposes.  Slides 
sive  been  observed  in  the  schistose  rocks  of  certain  mining 
Btricts  only. 

It  is  of  great  importance  that  the  miner  Ehould  be  in  a 
sition  to  judge  whether  the  chances  of  successful  search  for  a 
ftvered  vein  are  greatest  towards  the  right  or  towards  the  left  band, 
ttd  the  following  information  relative  to  this  subject  will  not  be 
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without  iuteresU     Out  of  272  lodes  recorded  by  Henwood  as 
being  divided  by  crosa-veins  in  diflferent  parts  of  Cornwall, — 

57  or  0'20  of  the  whole  number  were  intersected  but  not  heaved. 
135  „  050  „  „     were  heaved  towards  the  right  hand. 

80  „  0-30  „  „  „  „  left  hand. 

181  „  0-67  .,  „  »  »        gi«ater  angle. 

34  „  013  „  „  „  „       smaUer  angle. 

The  following  are  the  results  of  the  intersection  of  lodes,  affording 
ores  of  different  metals,  by  cross-veins : — 


Mature  of  ore  eontatned 
iu  the  lodes. 

Lodes 

InterMcted 
bat  not 
heaved. 

Lode*  heaTed  towanU  the 

Ri^thand. 

Left  hand. 

Onater 
angle. 

Smaller 
angle. 

Tin  ore   

Tin  and  copper  ores  .   . 
Copper  ore 

018 
0-87 
018 

0-6« 
0-44 
0-S3 

0-26 
019 
0-80 

0-58 
0-5« 
0-74 

0-80 
007 
0-08 

The  mean  distance  to  which  lodes  of  more  than  two 
feet  in  width  are  heaved  by  cross-veins  more 
than  one  foot  wide  is 28-3  feet. 

The  mean  distance  to  which  lodes  of  less  than  two 
feet  in  width  are  heaved  by  cross-veins  more  than 
one  foot  wide  is 16'1  feet. 

The  mean  distance  to  which  lodes  of  more  than  two 
feet  in  width  are  heaved  by  cross-veins  less  than 
one  foot  wide  is 17*0  feet. 

The  mean  distance  to  which  lodes  of  less  than  two 
feet  in  width  are  heaved  by  cross-veins  less  than 
one  foot  wide  is 4-8  feet 

Henwood  states  that  there  b  at  least  one  instance  on  record  of  a 
K>le  and  a  cross-vein  alternately  intersecting  one  another  at 
different  depths  in  the  same  mine. 

Elvans  traverse  the  same  districts  as  the  lode^s.  and  owing  to 
various  differences  of  direction  and  dip  are  frequently  intersected  by 
them.  The  eivxss-veinscut  through  elvans  and  lodes  alike,  bot  while 
thoy  heave  hundreds  of  the  latter  they  displace  scarcely  a  doiaen  of 
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ibe  elrans  intermixed  with  them  and  through  which  they  also 


Thermal  springs  of  saline  waters  have  at  different  times 
Wn  met  with  in  some  of  the  deeper  workings  in  the  neigh- 
lourhood  of  Camborne.  Among  the  mines  in  which  such 
8[«isgs  have  been  observed  are  those  of  North  Roskear,  North 
Crofty,  Huel  Clifford,  and  Huel  Seton.  The  waters  issuing  from 
the  first  two  of  these  localities  do  not  appear  to  have  been 
subjected  tu  chemical  analysis,  but  that  from  Huel  Clifford  was 
analyzed  in  1868  by  Dr.  W.  A.  Miller.' 

This  water  issued  at  a  temperature  of  125°  F.,  and  at  the  rate 
of  150  gallons  per  minute,  in  the  230-fathom  level ;  or  at  a  depth 
of  1,320  feet  below  the  sea.  Its  specific  gravity  was  1-007,  and 
the  saline  constituents  were  found  by  evaporation  to  amount  to 
646'1  grains  per  imperial  gallon,  consisting  of : — 

Chloride  of  lithium 26  05 

Chloride  of  potassium  with  )  -  .^. 

alittlechlorideof  csBsium  J 

Chloride  of  sodium 363  61 

Chloride  of  magnesium 8"86 

Chloride  of  calcium 21617 

Sulphate  of  calcium 1227 

Sihca 3-65 

Oxides  of  iron,  aluminium,  and  manganese  .    .    .  traces 

645'45 

The  workings  at  Huel  Seton  have  been  entirely  confined  to 
the  killas  or  clay  slate.  In  1872  saline  waters  issued  at  the  rate 
of  50  gallons  per  minute,  and  at  a  temperature  of  92°  F.,  from  the 
eastern  fore-breast  of  the  ICO-fathom  level,  or  at  a  depth  of  about 
780  feet  below  the  sea.  At  this  place  the  lode  is  not  well  defined, 
and  had  been  driven  upon  until  a  cross-vein  was  intersected,  from 
which  the  water  issued.  A  short  distance  from  this  point  an 
elvan  course,  forty  feet  in  width,  is  traversed  by  the  same  vein.  An 
analysis  of  this  water  afforded  me  results  which  may  be  tabulated 
as  follows;  although,  as  the  state  of  combination  of  the  various 
substances  present  cannot  be  positively  determined,  the  system  of 
grouping  adopted  may  be  regarded  as  to  some  extent  arbitrary.'^ 

'  Report  of  (he  Thirly-foutih  Meeting  of  the  British  Association,  1 864,  p.  35. 
*  J.  Arthur  Phillips,  "  On  the  Composition  and  Origin  of  the  Waters  of  a  Salt 
Spring  ia  Huel  Seton  Mine,"  PhUosophieai  Magazijie,  Foaith  Series,  vol.  zlrL  1873, 
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The  solid  matter  amounted  to  1005-61  grains  per  gallon,  or 
14-3658  grammes  per  litre. 


GninspergaUon. 

Otammea  per  litre. 

Calcium  carbonate 

Iron              „         

Manganese    „          

Calcium  sulphate 

Cuitric  chloride 

Calcium       ,, 

Magnesium 

Aluminium  „        

I'otassium    „        

Ctesium        „        

Sodium         „        

Lithium       „        

Potassium  bromide 

6-45 

•31 

trace 

212 

trace 

473-88 

11-98 

6302 

6-43 

trace 

409-09 

84-22 

trace 

4-85 
trace 
trace 

•0921 
•0046 

trace 
-0303 

trace 
6-7697 
•1712 
•9003 
•0919 

trace 

5-8442 

•4888 

trace 
-0693 

trace 

trace 

Total  found  by  addition  .... 

Total  found  directly  » 

Free  carbonic  acid 

101235 

1005-61 

2-61 

14-4623 

14-3658 

•0373 

These  waters  are  remarkable  for  the  large  amount  of  lithium 
•which  they  contain,  but  both  Huel  Clifford  and  Hucl  Seton  Mines 
are  now  abandoned,  and  the  springs  consequently  submerged. 
Minute  quantities  of  the  heavy  metals,  other  than  copper,  were  not 
sought  after. 

The  mining  districts  of  Cornwall  are  separable  into  two 
great  di>'isious,  that  of  the  West  and  that  of  the  East;  the 
former  lying  to  the  west  of  Truro,  and  the  latter  to  the  east  of  that 
city.  From  the  Land's  End  a  metalliferous  country  extends  al- 
most without  interruption  to  the  parish  of  Kea  near  Truro  ;  here  a 
break  occurs  until  we  approach  the  neighbourhood  of  St.  Austell, 
where  another  metalliferous  area  commences  and  extends  in  an 
irregular  and  scattered  manner  into  Devonshire.  These  divisions 
are  of  very  unequal  ext«nt,  the  western  being  about  thirty-six 
miles  in  length  with  a  width  from  sea  to  sea  varying  from  six  to 
fourteen  miles,  while  the  eastern  extends  for  a  length  of  nearly 
forty-five  miles  with  an  average  width  of  about  twenty  miles. 
The  ar^a  of  the  eastern  region  thus  exceeds  that  of  the  western  in 

'  The  difference  between  the  amount  of  total  solid  contents,  as  found  dircctlT, 
and  that  obtained  by  the  addition  of  constituent;,  is  doubtless  to  some  extent  dne  to 
the  {ttrtial  decomposition  of  alumininm  and  magnesinin  rhioridea  during  the  drying 
^  the  real  Joe. 
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the  proportion  of  two  and  a  half  to  one ;  its  annual  production  of 
the  metals  is,  nevertheless,  so  greatly  inferior  that,  in  value,  they 
amount  to  less  than  one-Hfth  of  that  of  the  ores  raised  in  the 
other  division.  The  principal  geological  features  of  the  county  of 
Cornwall  are,  in  their  hroader  outlines,  indicated  in  the  sketch  map 
forming  the  frontispiece  to  this  volume. 

The  mining  regions  of  tliis  county  have  been  divided  by 
Henwood  into  twelve  distinct  districts,  while  Mr.  H.  C.  Salmon^ 
subsequently  extended  this  number  to  twenty ;  for  the  purposes 
of  the  present  work  it  will,  however,  be  found  more  convenient 
to  adopt  the  classification  of  Mr.  Robert  Hunt,  Keeper  of  Mining 
Records,  "who  in  his  returns  grouped  the  whole  of  these  districts 
into  four  lai^ge  divisions : — 

Western       (  All  those  i)arls  of  the  county  west  of  a  line  drawn 

Division.      \  from  Marazion  to  Hayle. 

VTatl  C  nt    I  ( '^^^*'  portion  of  Cornwall  west  of  a  line  drawn 

Dicisi         \  itotw  the  Uwlinau  Point  to  Padstow,  and  east 

(.  of  Maraziou  and  Hayle. 

That  part  of  the  county  lying  west  of  a  straight 

line  drawn  from  Looe  through  Liskeard  to  the 

and   east  of    the 


East  Central 
Hivittion. 


JSasttn 
Division. 


boundary    of    the   couuty, 

Dodman  and  Padstow. 
/This  division  is  bounded   on  the  west  by  a  line 
y  drawn   from    Looe    through    Liskeard  to  the 

J.  boundary  of  the  county,  and  extends  eastward 


to  the  River  Taraar. 


WeMtm  Division. — Tlie  more  important  mines  of  this  division 
of  the  county  are  situated  in  tlic  vicinity  of  the  t^owns  of  St.  Just 
and  St.  Ives.  In  the  noigldx)urhood  of  the  former  the  principal 
mines  are  comprised  within  an  area  six  miles  in  length  and  three 
in  breadth,  about  a  mile  south  of  Cape  Cornwall,  forming  at  this 
point  the  extreme  western  hniit  nf  the  county,  and  bounded  by  the 
Atlantic  Ocean.  They  are,  for  the  most  part,  situated  in  the  parish 
of  St.  Just,  and  have  long  been  celebrated  from  heiiig  perched  on 
the  sides  of  perpendicular  cliffs,  and  from  being  excavated  for  long 
distances  vinder  the  bed  of  the  sea.  The  country  inland  is  composed 
entirely  of  granite  ;  but  nearly  parallel  with  the  coast  and  coinciding 
with  the  metalliferous  grtjund,  this  rock  forms  a  junction  with 
clay  slixte,  largely  and  confuHedly  intermixed  with  foliated  horn- 
Uendic  rocks.    The  older  workings,  which  are  of  very  remote  date 

«  Mining  and  Sineltiug  Mag.,  voL  v.,  1864,  p.  260. 
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were  entirely  confined  to  the  granite,  wbicli  is  exclusively  productive   ^M 
of  tin  ;  but  more  recently  the  slates  and  their  associated  hornblendic   ^| 
rockfl  have  also  produced  large  quantities  of  copper  ores.    Some  lodes    ^H 
are  exclusively  productive  of  tin  ore  in  the  granite  and  of  oopijer    ^| 
ores  iu  the  slates ;  Heuwood  states  that  at  Eotallack  one  uf  the   ^| 
lodes  was  found  to  pass  three  times  from  granite  to  slate,  au'vi     ^ 
in  each  case,  to  contain  tin  ore  only  in  the  former,  and  copper  or-'^i* 
only  iu  the  latter  rock.     In  this  neighbourhood,  the  intersections     -o' 
the  different  veins  by  one  another  are  sometimes  attended  wi~"^V 
complicated  and  somewhat  obscure  phenomena.     In  a  few  cases  t^^fce 
heaves  are  regular,  but  they  are  generally  far  from  being  so,  ai      :^A 
not  unfrequently  a  lode  which  has  continued  rich  up  to  its  conta<^^*^t. 
with  a  cross-vein  has  never  been  discovered  on  the  other  side. 
is  tlie  case  in  other  localities,  the  lodes  of  St.  Just  are  not  productiv 
throughuut   their  whole  extent,  and  when  poor  they  are  usually 
small ;  poverty  appearing  to  be  often  accompanied  by  a  diininutior 

of  size.     The  containing  rock,  which  is  everywhere  in  this  neigh 

boiirhuod    very    hard,   often  becomes  still  harder  when   imjxiver 

ishment  takes  place.  Iu  all  the  veins  of  this  part  of  Cornwall  the 
shoots  of  ore  dip  from  the  granite,  or  if  they  occur  iu  that  rock  their 
direction  is  towards  the  slate.  The  direction  of  the  lodes,  and  this 
general  disposition  of  the  ores,  have  bad  the  effect  of  directing many 
of  the  workings  towards  the  sea,  and  several  of  the  mines  are  wrought 
to  some  extent  beneath  the  bed  of  the  Atlantic.  At  Little  Bounds, 
Botallack,  and  Huel  Cock  the  miners  have  been  tempted  to  follow 
the  ore  upwards  to  the  sea,  but  the  openings  made  being  fortunately 
small  and  the  rock  hard,  a  covering  of  wood  and  cement  in  the  two 
former  cases,  and  a  plug  of  wood  iu  the  latter  were  sufficient  to  ex- 
clude the  water  and  to  secure  the  workings  from  inundation.  The 
extent  to  which  the  excavations  of  some  of  the  niiuea  iu  the  St,  Just 
district  have  been  prosecuted  under  the  ocean,  will  be  understood 
when  it  is  stated  that  the  diagonal  shaft  on  the  Crowns  Lode  at 
Botallack  has  a  total  length  of  34?5  fathoms  for  the  most  part 
beneath  tiie  sea,  pas.ses  through  a  very  hard  hornblendic  rock  at 
an  inclination  of  32J°  from  the  horizon,  and  occupied  four  years  in 
sinking. 

Botallack  was  worked  as  a  tin  mine,  under  a  perpetual  grant 
from  the  Boscuwen  family,  from  1721  to  1735,  when  the  sett  was 
relinquished.  Subsequently  to  this  the  mine  was  again  opened, 
and  in  ISlti  was  the  richest  in  the  county.  It  was  afterwards 
worked  as  a  copper  mine,  but  in  1844  was  again  about  to  be  aban- 
doned ;  a  rich  copper  lode  was,  however,  discovered  at  this  time. 
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id  in    the  following   year  the  undortaking  bad  again    become 

isptirous. 

The  production  of  tin  and  copper  ores  at  Botallack  during 
lirty  years,  divided  into  decades,  together  with  the  value  of  the 
ield  of  each  several  ten  years,  is  given  below. 


Tan  yean  to  tlie  end  of  1861 

,,  „  1871 

1981 


Tin  Orp. 
Tntn.  £ 

1,495  112,331 

4,020  2t55,flr.2 

3.Sfi8  190,701 


Copper  Ores. 

Ton«.  t 

7,4U8  85,984 

a,uo        ;i4,4»i 

1,86&  16.702 


In  these  mines,  as  well  as  at  Huel  Edward  and  at  Levant,  tlie 
hing  of  the  waves  against  the  diffs,  and  the  grating  of  the 
ingle  on  the  bottom,  can  be  heard  even  in  moderate  weather, 
e  quantity  of  underground  water  throughout  the  neighbonrbood 
extremely  small,  and  notwithst;indiug  that  it  is  somewhat  salt 
the  workings  extending  beneath  the  sea,  the  amount  is  not 
srceptibly  greater  than  in  mines  situated  at  some  distance  inland. 
The  St.  Ives  mines,  on  the  opposite  side  of  the  Lands-End 
^ass  of  granit*»,  wcupy  a  position  somewhat  analogous  to  those  of 
It.  Just.  The  granite  forms  a  similar  junction  with  tlic  clay  slate 
orkillasof  St.  Ives  Bay,  which  is  in  the  same  way  much  intermixed 
ith  various  hornblendic  rock.s.  The  lodes,  which  occur  in  both 
ite  and  slate,  are  in  the  former  exclusively  productive  of  tin; 
'hile  in  the  latter,  as  well  a.s  in  the  hornblendic  rocks,  copper  ores 
en  predominate.  Little  or  no  copper  is,  however,  at  present, 
ised  in  thU  neighbourhood,  and  its  production  of  tin  is  much 
less  important  than  formerly,  since  many  of  the  most  extensive 
mines,  having  ceased  to  yield  remunerative  returns,  are  no  longer  in 
active  operation.  The  extreme  length  of  this  mining  field  in  a 
north-westerly  direction  skirting  the  granite,  is  about  four  miles,  and 
its  greatest  widtli  nearly  three  miles.  It  tTuludes  the  larger  pro- 
portion of  the  tliree  parishes  of  St.  Ives,  Lelant,  and  Towednack,  and 
possesses  some  marked  peculiarities ;  one  of  the  most  notable  being 
the  presence  of  carbonas  or  extensive  impregnations  of  tin  ore  ex- 
tending from  .some  of  the  kxles  into  the  neighbnuring  granite. 
Large  and  rich  masses  of  tin  ore  have  also,  from  time  to  time,  been 
met  with  surrounded  on  all  sides  by  hard  granite,  and  apparently 
unconnected  with  any  lode  or  vein. 

Tlie  direction  of  the  lodes  is  rather  to  the  N.  of  E.  and  S.  of 
W.,  while  that  of  the  cross-courses  is  within  a  few  degrees  of  N. 
and  S..  having  approximately  the  strike  of  the  joints  of  the 
adjoining  rock.  The  veins  worked  ia  granite  usually  produce  tin 
ore,  while   those  in   slate,  although,  sometimes  also  yielding   tin 
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more  frequently  aflford  copper  ores.     Tin  has,  however,  always 
been  the  staple  product  of  the  mines  in  this  neighbourhood. 

The  most  remarkable  mine  in  the  western  division  of  Comwa>^ 
is,  perhaps,  St.  Ives  Consols,  which  is  situated  in  granite,  althoug"^. 
at  only  a  short  distance  from  the  junction  of  that  rock  with  hor^^ 
blendic  schists  and  quartz-diabase,  which  appear  immediately 
the  east,  where  they  overlie  the  granite  as  seen  in  some  of  tf~Z^ 


XftAUU  StmmJardlidt  SmmM  Udt 

•.X*>a  imrl.        l.ntmmltii*.        t  JfiTUmmt's  ltd* .       d.Siaf»U4». 
Yxa.  M.— Standud  Lode  and  Carbocu,  St.  Ices  Coi::sol(:  after  H.  C.  Salmon.^ 


eastern  shafts.  It  lies  immediately  west  of  the  town,  and  the 
principal  lode  traverses  the  bottom  of  a  vaUey  through  which  flows 
the  stream  falling  into  the  sea  at  St.  Ives.  The  vein  which  passes 
through  the  valley  above  referred  to,  is  known  as  the  Standard  Lode, 
and  is  nearly  vertical,  its  bearing  being  a  little  N.  of  E.  and  S.  of  W. 
The  accompanying  transverse  section  of  this  lode,  Fig.  44,  shows  hoW 

*  Mining  «»d  SmMmg  Mm^tuir*  n^i  uL  ^ .  140. 
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sUgblly  its  course  downwards  varies  from  the  perpendicular,  as  well 
as  its  coimection  with  the  various  carbonas. 

The  Standard  Lode  has  been  worked  to  a  depth  of  1 77  fathoms 
W)»w  the  adit  level,  which  is  itself  twenty  fathoms   from    the 
surface,   thus  making  the   total  deptli   of  tlie   mine   nearly  200 
Jathouis.     lii  the  lower  levels  this  lode  is  hard  and  unproductive,  so 
that  hut  little  has  been  done  at  that  depth,  and  the  workings  in 
thekittom  have  been  many  yeiixs  abandoned.     The  SUndard  has, 
ia  the  aggregate,  been  a  very   productive   lode,   although   it  ia 
nowhere  large,  and  probably  docs  not  averajje  more  than  four  and 
a  half  feet  in  width,  although  varying  considerably  in  this  respect. 
It  is  chiefly  composed  of  quartz,  chlorite,  decomposed   granitic 
matter,  and  scliorl ;  the  latter  being  plentiful  whore  tin  is  abundant. 
The  most  striking  feature  of  this  mine  is,  however,  the  extra- 
ordinary deposits  of  tin  ore  which  have  been    found  south  of  the 
Standard  Lode  and  to  which  the  name  of  "  carbonas "  has  been 
locally  given.    Fig.  44  affords  some  idea  of  the  way  in  which  these 
carbonas  branch  off  from  the  Standard  Lode.     One  of  them,  called 
lawry's  Caibona,  shoots  off  at  the  57-fathoui  level,  dipping  rapidly 
ss  ilgoes  south,  and  forming  stanniferous  flats  of  various  dimensions 
which  have  been  worked  by  a  series  of  irregular  caverns,  very 
uulike  the  openings  resulting  from   ordinary   mining  operations. 
Aoothcr,  uniting  with  the  Great  Carbona,  goes  ofif  at  the  77-fathom 
'CVel ;  and  at  about  forty  fathoms  south  of  the  Standard,  the  level 
'"'iveaonthe  western  cross-course  mtersects  what  is  called  Kemp's 
•''Ode,  bearing  nearly  north  and  south,  which  is  itself  apparently  part 
*^»    «  carbona.     This   so-called    lode    was  driven    uijou    for  some 
*iistance  until  it  came  in  contact  with  Noal's  Lode,  and  with  Mats 
^•'^d  droppers  coming  down  from  Lawry's  Carbona  at  its  junction 
"^th  which  the  whole  opened  out  into  one  of  the  most  remarkable 
deposits  of  tin  ore  ever  discovered  in  Cornwall. 

Uany  of  the  workings  are  in  tlie  form  of  enormous  cavernB 
from  60  to  75  feet  in  height  and  equally  wide.  The  workings  on , 
the  Great  Carbona  were  destroyed  many  years  ago  by  an  accidental ' 
fire  which  consumed  the  supporting  timbers,  and  after  burning  for 
more  than  six  weeks,  at  the  end  of  that  time,  left  the  whole  in  a 
slAle  of  utter  ruin.  All  the  carbonas  occur  south  of  the  Standard 
Lode,  and  wherever  they  are  productive  they  are  characterized  by 
the  presence  of  large  quantities  of  schorl. 

ITie  workings  on  Daniel's  Lode  are  remarkable  for  their  immense 
width,  which  often  reaches  upwards  of  forty  feet,  although  when 
unproductive  it  is  barely  traceable.     This  deposit  although  generally 
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called  a  lode  evidently  belongs  to  a  class  of  impregnations  much 
resembling  those  known  as  carbonas.  St.  Ives  Consols  is  now  worked 
above  tbe  adit  level  only,  and  a  large  portion  of  its  produce  is 
obtained  from  tbe  treatment  of  "  balvans  j "'  in  1881  it  yielded 
52  tons  12  cwts.  2  qrs.  23  lbs.  of  concentrated  tin  ore  (black  tin)  of 
the  value  of  £2,755. 

The  total  production  of  the  mines  of  the  western  division  of 
Cornwall  during  the  same  year  was,  according  to  the  statistics 
published  by  the  Mining  Record  Office,  as  follows : — 

Weight.  Value. 

Tons      cwte.      qra.  £  $.        d. 

Black  Tin  1,362      8       2  73,395     19    8 

Copper  Ore  1,190       1       0  8,127     13     9 

Totals      .     2,552      9       2  81,523     13    5 

West  Central  Division. — This  extends  over  a  much  larger  area 
than  the  western  division,  and  comprehends  a  great  proportion  of 
the  most  important  mines  in  tbe  county. 

Those  near  Marazion  are  situated  in  a  basin  of  killas  stretching 
from  that  town  eastward  along  the  coast  of  Mount's  Bay  for  a 
distance  of  upwards  of  four  miles  to  the  mass  of  granite  culminating 
at  Tregoning  Hill.  Its  width  from  the  sea  inland  is  about  three 
miles,  comprising  the  parishes  of  St  Hilary  and  Perranzabuloe, 
with  parts  of  Breage  and  Germoe.  The  mines  distributed  over 
this  district  have,  in  the  aggregate,  yielded  large  quantities  of 
copper  and  tin,  but  principally  the  former,  which  appears  to 
generally  occur  in  tbe  vicinity  of  elvan  courses ;  tbe  district  has  not, 
however,  been  characterized  by  any  very  deep  or  permanent  mines. 

The  mines  of  the  Breage  and  Sithney  district  occupy  a  killas 
basin  lying  between  the  granite  of  the  Tregoning  and  Godolphin 
Hills  and  the  larger  granitic  mass  of  the  Wendron  range.  It  is  very 
restricted  in  length,  since  it  skirts  the  smaller  mass  of  granite  from 
north  to  south  without  extending  any  considerable  distance  east- 
ward. It  includes  the  larger  portions  of  the  parishes  of  Breage 
and  Germoe  with  a  part  of  Sithney,  and  is  almost  exclusively  a 
tin-producmg  area,  having  yielded  some  of  the  richest  and  deepest 
deposits  of  tin  ore  which  have  been  found  in  Cornwall.  Although 
this  district  consists  principally  of  killas,  its  granite  has  also 
yielded  tin. 

In  the  parishes  of  Gwinear,  Crowan.  Fhillack,  and  St.  Erth  are 

'  Refuse  ore  thrown  aside  as  not  l>eing,  at  the  time,  suffieientlr  rich  to  paj  the 
expenses  of  treatment. 
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Mious  copper  mines  which  are  usually  productive  in  the  neighbour- 
bod  of  elvan  courses.  The  country  rock  is  generally  slate,  varying 
i  colour  frrjm  blue  to  pale  buff,  but  sometimes  made  up  of  alt^mat«j 
nie  and  white  laminae.  At  Relistian  the  slate  contains  numerous 
plieroidal  concretions,  some  of  which  are  apparently  composed  of 
laty  mat»?rial.  while  others  are  entirely  quartzose.  In  tlie  neigh- 
jouring  mine  of  llerland,  at  a  depth  of  about  1  lU  fathoms,  numerous 
IDilular  ma-sses  of  granite  have  been  found  enclosed  in  the  killas. 
tliese,  which  vary  from  half  an  inch  to  three  feet  in  diameter,  are 
tomposoil  of  a  fine-grained  granite,  the  felspar  of  which  is  much 
Itoouiposed.  They  are  entirely  surrounded  by  clay  slate,  and  have 
bo  appiirent  cimnection  with  one  another.  Elvan  comics  and  dykes 
pf  "greenstone"  are  numerous  in  this  neighbourhood,  and  the 
klvaa  often  contains  a  large  quantity  of  schorl.  It  is  sometimes 
Mtatiniferous.  and  has  in  a  few  localities  been  worked  for  the  tin  it 
[ciintiiins.  At  Parbola  the  elvan  is  everywhere  traversed  by  minute 
[ttrings  of  tin  ore.  A  striking  characteristic  of  the  lodes  in  this 
[part  of  Cornwall,  which  is  very  unusual  in  other  parts  of  the 
Ipiunty,  is  that  they,  as  well  iis  the  contiguous  rocks,  contain  large 
ranontities  of  the  globular  concretions  already  noticed.  Co]tper 
fjjyritcs  and  copper  glance  are  the  most  abundant  minerals,  but  tin 
kjre  is,  to  s<ime  ex(<?nt,  found  in  a  large  number  of  the  inines. 

The  mining  districts  of  Wendron,  Camborne,  Redmth,  ami 
^iwennap  are  in  connection  with  the  great  gmnite  range  of  Carn 
plf'Tielez  and  the  two  smaller  associated  masses  of  Cam  Brea  and 
Cam  Marth.  The  Wendron  mines  are  situated  in  the  granite  of 
khe  Carn  Menelez  range,  and  are  principally  in  the  parish  of 
jWendron,  although  they  also  extend  into  the  parishes  of  Sithney, 
Crowan,  and  Constantino.  This  is  a  wild  moorland  ilistrict,  ami 
Wthough  producing  considerable  quantities  of  tin  ore  it  does  not 
po.'jaess  any  very  characteristic  mining  features. 

Some  of  the  minus  of  the  Camborne  ilistrict  are  at  the  present 
|.ime  the  richest  in  Cornwall,  and  are  compri.setl  within  those 
rtions  of  the  parishes  of  Camborne  and  IJlogan  bounded  on  the 
la.st  by  the  valley  which  divides  Illogau  from  Rediuih ;  on  the 
uth  by  a  line  passing  througli  the  ridges  of  Cam  Brea,  Carnartiien 
Cam,  and  Camborne  Beacon ;  on  the  west  by  a  line  drawn  from 
/ambome  Beacon  to  about  half  a  mile  north  of  Cambomt'  Clnircli  ; 
ind  on  the  north  by  the  highway  from  Camborne  to  Re(hTith.  The 
revailing  rock  is  granite,  which  rises  on  the  south  int-o  an  elevated 
Binge  of  hills,  whose  northern  slope  is  eovcre  I  by  kilhw  travi.rsi'd 
\y  various  elvatis,  lodes,  and  cross-courses.      The  mines   of  this 


130 


ORE  DEPOSITS. 


[part  If. 


neighbourhood  are  the  deepest  in  Cornwall,  and  are  remarkable  for 
being  at  great  depths  as  lich  for  tin  as  they  were  formerly  for 
copper  in  the  shallower  levels. 

The  following  table,  giving  the  annual  production  of  copper  and 
tin  ores  at  Dolcoath  Mine  from  1849  to  1881  inclusive,  indicates  the 
very  gradual  way  in  which  this  undertaking  has  become  transformed 
from  a  copper  mine  to  one  producing  tin  ores  only.  The  shallower 
levels  of  this  mine  were  driven  exclusively  in  killas,  while  the 
deeper  workings  are  entirely  in  granite.  In  killas  the  lodes  pro- 
duced large  quantities  of  copper  ore,  but  upon  entering  the  granite 
this  ore  became  rapidly  replaced  by  cassiterite.  At  the  present 
time  Dolcoath  is  the  deepest  mine  in  Cornwall,  the  engine  shaft 
having  reached  a  depth  of  -iOO  fathoms. 


CoppEK  Ore. 

Tim  Obe, 

Year. 

Tons. 

Valne. 

Produca. 

Tons. 

Value. 

£ 

£ 

1850 

1,115 

4,909 

6i 

— 

1851 

801 

8,266 

6 

— 

— 

1852 

832 

3,344 

6 

— 

— 

1853 

1,040 

4,920 

5 

360 

22,680 

1854 

992 

4,313 

4i 

363 

25,261 

1855 

711 

2,634 

4 

352 

23.169 

1856 

617 

1,998 

31 

416 

30,727 

1857 

566 

2,430 

4i 

544 

42,880 

1858 

598 

3,085 

6iV 

635 

41,859 

1859 

757 

3,531 

5i 

724 

63,506 

1860 

712 

2,426 

4 

805 

64,974 

1861 

417 

1,589 

ih 

864 

63,862 

1862 

50S 

2,357 

6J 

986 

66.220 

1863 

636 

3,029 

6i 

1,026 

69,741 

1864 

621 

8.289 

6i 

1,030 

66,959 

1865 

607 

3,510 

71 

944 

53,238 

1866 

688 

3,512 

7i 

919 

46,120 

1867 

267 

1,068 

54 

848 

46,169 

1863 

153 

863 

8ji 

984 

55,847 

1869 

153 

648 

6J 

813 

69,694   1 

1870 

57 

224 

1,034 

78,601   1 

1871 

86 

326 

eF 

1,070 

96,H73 

1872 

50 

234 

1,269 

113,114 

1873 

15 

72 

— 

1,045 

82,501 

1874 

73 

410 

— 

1,121 

65,558 

1875 

— 

— 

— 

1,241 

65,346 

1876 

41 

163 

— 

1,263 

55,825 

1877 

30 

112 

— 

1.404 

59,180 

1878 

14 

28 

— 

1,639 

55,902 

1879 

— 

— 

— 

1.780 

71,216 

1880 

— 

— 

— 

1,736 

93,702 

1881 

— 

— 

— 

1,816 

102,039 
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Kine  yean  ending  18<S1  . 

Ten  ,,  1871  . 

1681  . 


Copp«r  Ore. 

6,410  28,926 

3,77«  ]8,82tJ 

223  1,019 


Tin  Ore. 
Tnna.  £ 

9,»i01  637,}tS2 

14,an  764,383 


During  thirty  years,  namely,  from  1851  to  1881,  East  Pool 
Mine,  near  Camborne,  produced  ores  of  the  ioilowing  weights  and 
Values : — 


• 


Ten  years  to  end  of  1 861 

1871 
1881 


Copjicr  Or». 
Tom*.  £ 

2(1,208  100.417 

22,444  72,3a3 

18,003  55,0,'i4 


Tin  Ore. 
Tonit.  £ 

416  2f;,895 

2,174         ]2!>,f»rtl 
6,161        283,800 


Among  the  most  rem.irkable  phenomena  exhibited  in  this  part 
of  Cornwall  are  the  alternations  and  mixtures  of  granite  and 
slabe  which  occur  near  the  line  of  junction  of  the  two  rocks  in 
the  mines  of  Cook's  Kitchen,  Tincroft,  Dolcuath,  and  Cam  Broa, 
In  the  southern  part  of  Cook's  Kitchen  a  friable,  coarse-grained 
gnmite  appears  at  the  surface  and  continues  downwards  to  a  depth 
of  about  thirteen  fathoms,  where  it  is  succeeded  by  a  bed  of  slate 
which  reaches  a  depth  of  thirty-nine  fathoms.  The  upper  portion 
of  this  mass  of  slate  is  of  a  deep  blue  colour,  and  has  a  distinctly 
crystalline  structure,  showing,  somewhat  obscurely,  evidences  of 
foliation.  Lower  down  it  becomes  gradually  more  micaceous, 
jind  shows  well-defined  planes  of  cleavage.  Veins  of  gi'anite 
penetrate  both  the  ujjper  and  lower  surfaces  of  the  slate.  Below 
this  there  is  a  bed  of  Hue-grained  granite  ten  fathuins  in  thick- 
ness, coi»taining  a  large  amount  of  schorl,  beneatli  which  masses 
of  granite  and  of  slate  alternate  in  a  very  irregular  way.  The 
tnmsitions  from  one  to  the  itther  are  sometimes  gradual,  %vhile 
at  others  they  are  very  abrupt,  and  in  nearly  till  cases  the  slates  are 
traversed  by  veins  of  granite. 

At  Tincroft  the  granite  goes  down  to  a  depth  of  twenty-six 
fathoms  from  the  surface,  at  which  point  tlit*  .slate  makes  ita 
appearance,  and  continues  without  iutemiption  to  a  depth  of 
eighty-four  fathoms,  where  at  length  the  m;uR  budy  of  the  granite 
appears. 

At  Dolcoath  a  large  mass  of  hard  .slaty  rwk  has  recently  (1882) 
been  met  with  in  the  35'2-fathom  level,  east  of  the  new  eastern 
shaft,  at  a  total  depth  of  380  fathoms  i'rnxn  the  surface.  This  slate 
is  inchiiled  in  the  granite  240  fathoms  below  the  point  where  that 
rock  wa.?  first  nit  into  hy  the  H'f>rkJng,s,  and  510  fathoms  V>eU)Vi  tVia 
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sea  level.  This  enclosure  closely  resembles  the  ordinary  killas  of 
the  district,  and  on  comparing  thin  sections  of  the  two,  as  seen 
under  the  microscope,  their  identity  becomes  at  once  apparent. 

The  Redruth  and  Gwennap  district  immediately  adjoins,  on  the 
east,  that  of  Camborne,  so  that  an  arbitrary  line  only  can  be  drawn 
between  them.  The  district  includes  the  parishes  of  Redruth 
and  Gwennap,  with  parts  of  Kenwyn,  Kea,  and  St.  Agnes.  It  is 
essentially  a  copper-bearing  neighbourhood,  and  formerly  produced 
very  large  quantities  of  that  metal,  but  for  many  years  its  pro- 
ductiveness has  gradually  fallen  oflF,  and  many  of  its  once  rich 
copper  mines  may  now  be  regarded  as  exhausted.  The  Great 
Consolidated  Mines  of  Gwennap  in  the  course  of  twenty-one  years 
(1819—1840)  sold  ores  to  the  value  of  £2,254,485,  of  which 
£480,156  was  divided  as  profit.  Some  important  mines  were 
formerly  worked  along  the  north  coast  of  the  county  in  the  parish 
of  St.  Agnes,  and  in  the  western  portion  of  Perranzabuloe.  They 
have  been  largely  productive  of  tin  and  copper,  the  ores  of  both 
metals  appearing  to  be  most  frequently  met  with  in  the  vicinity 
of  elvans. 

The  Great  County  Adit  of  Cornwall  empties  itself  into  the 
Camon  stream,  which  falls  into  Restronguet  Creek,  and  extends  to 
many  of  the  miaes  in  the  vicinity  of  Redruth.  Its  greatest  depth 
from  the  surface  is  seventy  fathoms,  its  total  length,  including 
branches,  thirty  miles,  and  the  level  of  its  mouth  above  high  water 
thirty-nine  feet.  It  is  at  present  of  comparatively  Uttle  importance, 
as  many  of  the  principal  mines  in  connection  with  it  are  worked 
out  and  abandoned.  Many  years  ago  it  drained  an  area  of  5,550 
acres,  and  discharged  on  an  average  1,450  cubic  feet  of  water  per 
minute.  A  little  copper  is  sometimes  obtained  from  the  waters  of 
this  adit  by  precipitation  by  scrap-iron. 

Numerous  lead  veins,  running  in  almost  every  direction,  occur 
in  a  district  lying  north  of  Truro  and  comprising  a  large  portion  of 
the  parishes  of  Perranzabuloe,  Newlyn,  Cubert  and  Crantock.  This 
region  has  produced  one  or  two  rich  lead  mines,  and  several 
moderately  productive  ones.  For  a  long  time  East  Huel  Rose  was 
the  most  productive  lead  mine  of  this  district,  but  eventually  it 
was  submerged  by  an  accidental  influx  of  surface  water  during  a 
flood.  It  subsequently  remained  unworked  for  many  years,  but 
has  quite  recently  been  again  set  in  operation.  Its  production 
from  1844  to  the  end  of  ISOl  was  as  follows : — 
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Year. 

Lead  Ore. 

Lead. 

Silver. 

Tons. 

Tons. 

Oz. 

1845 

7,883 

4,729 

1816 

5,191 

3,114 

1847 

6,424 

3,854 

1848 

6,333 

3,191 

1849 

4,769 

2,856 

1850 

4,208 

2.524 

1851 

8,193 

2,234 

1852 

2,381 

1,607 

43,000 

1853 

1,357 

925 

27,499 

1854 

1,215 

828 

24,629 

1855 

2,343 

1,510 

46,7fiO 

1856 

2,691 

1,776 

6'),280 

1857 

1,199 

791 

23,739 

1858 

726 

416 

10,400 

1859 

728 

3861 

13,090 

1850 

607 

322 

10,948 

1861 

147 

66 

2,376 

133 


This  mine  sold  copper  ore  in  the  following  years  : — 


1850 
1851 


Tons. 

,  67 
.  93 


Value 734 

789 


West  Chiverton  was  another  important  mine  in  this  neighbour- 
hood, and  commenced  selling  lead  ores  in  1859 ;  the  following  were 
its  most  productive  years  : — 


Tear. 

Ore. 

Lead. 

Silver. 

Tons. 

Tons. 

Or.. 

1866 

3,166 

1,970 

66,950 

1867 

4,082 

3,061 

130,624 

1868 

4,516 

8,387 

144,512 

1869 

4,707 

3,629 

1.50,504 

1870 

4,777 

3,582 

161,190 

In  1881  its  production  only  amounted  to  177  tons  3  cwts.  of 
lead  ore,  containing  1,747  oz.  silver,  and  having  an  aggregate  value 
of  £2,120. 

In  this  section  of  the  county  there  are  also  lead  veins  at  Swan- 
pool  and  Pennance,  near  Falmouth,  and  others  near  Porthleveu, 
aoath-west  of  Helston. 

Park  of  Mines  is  situated  three  miles  south  of  St.  Coluinb 
on  the  west  side  of  the  road  leading  from  that  town  to  Truro,  and 
has  at  various  times  yielded  a  considerable  amount  of  tin  ore  from 
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deposits  of  a  somewhat  unusual  character.*  The  enclosing  rock  is 
killas,  which  may  here  be  defined  as  a  grey,buflF,  or  white  indurated 
schist,  dipping  at  an  inclination  varying  from  30"  to  80°  in  a  general 
northerly  direction.  The  north-western  comer  of  the  great  granite 
range  which  lies  to  the  north  of  St.  Ansteli  extends  to  withiiv 
three-quarters  of  a  mile  of  this  mine.  Numerous  small  veins, 
generally  dipping  east,  traverse  the  killas  from  north  to  south,  and 


Flo.  4j.— Horizoatal  wcUoa,  Park  of  Uiue*. 

usually  vary  in  width  from  the  thickness  of  a  common  table-knife 
to  a  quarter  of  an  inch.  These  are  mainly  composed  of  quartz,  but 
the  killas  for  a  distance  of  from  half  an  inch  to  two  inches  on  each 
side  has  been  blackened  and  hardened  by  an  impregnation  of 
schorl. 

The  tinstone  of  the  Park  of  Mines  has  apparently  been  derived 
from   lateral  offshoots  of  the  north  and  south  veins,  as  in  the 


Fio.  4*1.— VcrJcal  sectioj,  P«rk  of  Hioei. 


proximity   of  these   strings   lenticular  masses  of  tin  ore   occur 
interposed  between  the  bedding  planes  of  the  killas. 

The  mode  of  occurrence  of  the  tinstone  at  Park  of  Mines  will  be 
best  understood  by  referring  to  the  above  diagrams.  Fig.  45 
represents,  in  horizontal  section,  a  north  and  south  vein,  a  b,  as 
seen  at  the  twenty-fathom  level,  with  layers  of  tinstone  which 
rarely  extend  for  a  distance  of  more  than  six  feet  on  each  side  of  it. 
Fig.  46  is  a  vertical  section  on  the  line  c  d,  showing  the  beds  of 

'  C.  Le  Ifeve  Foster,  Miners'  Association  of  Cumxcall  and  Devon,  1875,  p.  22. 


villus  dipping  ^o?!!^l.  an  angle  uf  70°,  withTnteqJoSe^  lenticular 

^tliisses  itf  tin  ore.     Tlie  stanniferous  zone  in  this  particular  cose 

^xteuds  about  seven  fathotus  from  north  to  suutb,  and  ten  fathoms 

*/on<,'  the  line  of  dip.     Tlie  lenticule.s  of  tin  ore  do  not  usually 

''JccotJil  two  inches  in  thickness  at  tht'ir  vvielest  part ;  the  whole  mass 

of  Jcillas  and  tinstone  being  cousequuntly  worked  away  together 

^j cl    Sent  to  the  surfa<:e  to  be  stamped  and  dressed.     Occasionally 

fh^      thickness  of  tinstone  reaches  nearly  a  foot,  the  only  minevals 

3«so-ciated  with  it  being  schorl,  quartz,  and  kaolin.     The  killas  near 

tb^      boundary  of  the  stanniferous  layers  is  usually  stained  by  oxide 

of  i  -K-on,  and  con.sequently  red  killas  is  regarded  by  the  miners  as  a 

fav^iijurable  indication  of  their  near  approach  to  a  deposit  of  tinstone. 

Tim.  ^s  workings  of  this  mine,  which  extend  over  an  area  of  about  an 

^  only,  have   been  prosecuted  to  a  depth   of  about  forty-five 

fat.'fcioms.   In  1874-  the  Park  of  Mines  yieldwl  231  tons  of  black  tin. 

The  production  of  ores  from  mines  in  the  West  Central  Division 

of     ^I!oruwall  was  during  the  year  1S81  as  follows  : — 


Wi-iglif 

, 

f   Vnlne 

Tons      r.wia. 

qm. 

£           1. 

d. 

Black  tin 

d,OHH   IG 

0 

504,376     3 

11 

Copper  ore 

;  11,243  13 

0 

39.288     1 

5 

Load       „ 

207     0 

1 

3,268  10 

0 

Zinc       „ 

7.702  17 

3 

23,565     2 

0 

Silver     „ 

1   12 

2 

175     0 

U 

Iron        „ 

3,2.57     0 

0 

1,869  10 

0 

Iron  pyrites 

!>57     3 

0 

467     3 

6 

Wolfram 

49     5 

0 

495     8 

0 

Totals    .     .     . 

32.6H7     7  ■ 

2 

575,504  18 

To 

East  Central  Division. — The  St.  Austell  mining  district  com- 
prehends the  whole  of  the  St.  Stepheits  and  Hensbarrow  rangoii 
of  granite,  together  with  a  band  of  killas  surrounding  it  on  all  sides, 
averaging  in  width  about  three  miles.     On  the  south  this  district  ia 
bounded  by  the  sea,  extending  from  the  Black  Head  to  Tywardreath, 
on  the  west  to  St.  Deui.s,  on  the  north   nearly  to    Bodmin,  and 
on    the   east  to  Lostwithiel.     It  comprises  parts  of  the   parishes 
of  St.   Ewe,   St.    Mewan,  St.    Austell,  St.    Blazey,    Tywanlreath, 
Lanlivery,  Lanivet,  Luxulyau,  Roche,  St.  Denis,  and  St.  Stephens. 
The     mass    of    granite,    which     is    here    very    large,    exhibits 
the   same   characteristics  as    those  of  the   western  districts,  and 
fretjueutly   contains  much   schorl.     This   ncighbourhooil   sujjplies 
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nearly  the  whole  of  the  china  clay  and  china  stone  sent  from 
Cornwall  to  the  I'ottx^ries,  or  which  is  exported  to  other  countries. 
This  district  was  formerly  very  productive  for  both  tin  and 
copper,  but  at  the  present  time  all  the  principal  copper  mines  have 
been  sus{)eudud,  and  Huel  Eliza,  a  mile  and  a  half  east  of  St.  Austell* 
is  now  tlie  only  rich  tin  mine  working  in  this  part  of  the  county. 
Small  (quantities  of  tin  are,  however,  still  annually  obtained  from 
the  granite  in  what  is  known  as  the  St  Austell-Moor  district. 
The  once  celebrated  tin  mines  of  Polgooth  and  Hewas  were  worked 
in  the  bolt  of  killas  a  little  south-west  of  the  town  of  St. 
Austell,  while  in  the  same  rock,  to  the  east,  were  the  tin  mines  of 
Bucklers  and  the  copper  mines  of  Pembroke,  E  ist  Crinnb,  Mount, 
and  Fowey  Consols,  all  of  which  have  long  since  ceased  working 
iipon  an  extensive  scale.  The  well-known  tin  mine  of  Beam, 
situaU'd  in  the  granite,  is  no  l(Miger  in  operation,  and  the 
great  o][x:n  cutting  at  Carclazc  is  worked  chiefly  for  china 
clay. 

The  grauit«  throughout  this  district  is  traversed  by  innumer- 
able sohorlaceous  veins,  which,  although  generally  very  small, 
almost  invariably  contain  a  certain  proportion  of  tin  oxide.  The 
tin  ore  is,  however,  seldom  conHned  exclusively  to  such  veins,  but 
is  generally  disseminated  throughout  the  substance  of  the  contigu- 
ous rock,  into  which,  although  the  line  of  separation  is  usually  . 
distinguishable,  the  voins  frequently  pass  by  imperceptible  grada-  1 

tions.  The  killas  of  this  district  is  fine-grained,  with  a  silky  lustre, 
and  schistose  structure.  Its  colour  is  usually  blue,  varying  con- 
sidoRibly  in  intensity,  while  its  prevailing  dip  is  towards  the 
south-oast.  In  many  jJaces  it  abounds  with  beds  and  reins  of  white 
quartz.  IVkos  and  inregular  patches  of  an  altered  doleritic  rock, 
now  roprosontotl  by  various  greenstones,  penetrate  the  slates  of 
many  jvirts  of  this  district.  Elvan  occurs  in  the  sea-cliff  at  Folruddan 
and  oxtonds  through  Howas  Mine  to  beyond  Tolgarrick,  in  the 
parish  of  St.  Stophons.  At  Sioanagwx-n.  in  that  parish,  there  is  a 
r*Mnark:iblo  iinpr\\5:»:ition  of  the  granite  with  tin  ore,  of  which  a 
^v»rtion  is  in  tlio  lorni  of  tin  sidphide  or  st-innitf.  A  small  quantity 
of  blju'k  tin  has  on  various  oo»:-asious  been  obtained  from  this 
locality,  but  tlio  whole  of  the  sTaunite  is  kist  during  the  operation 
of  divssii^;::, 

Thi'  oiiwtivMi  of  tb.o  Kxios  in  this  neighbomliood  is  nsnally  a 
fow  do<:n\  s  S.  of  W..  but  there  are  othoi  vhidi  bear  nearly  &E. 
juid    N.W..  thus  cU^T  appr  '  '■wtion  of  the 

\v\tuTor  Kslos  in  the  weite'  we  Imt  few 
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{.^t^»ss-courses  or  cross-flucans  in  the    district ;  but  at   Polgooth  a 

jjijc-ftn  Ikeaves  the  lodes  and  olvan  a  distance  of  thirty  fathoms,  and 

I  in     ^^^  same  mine  the  St.  Martins  and  Screeds  Lodes  both  appear 

'^y    lie  displaced  by  an  olvan  course,  a  pljonomenon  winch  is  believed 

X4^    l>e  without  parallel  in  the  mines  of  the  county. 

At  Restonnel,  near  Lostwithiel,  there  is  a  large  iron  lode  bearing 

||J^«3ut  15'  W.  of  N.,  and  dipping  E.  75°.     It  varies  from  two  to  four 

Pf|;^1ioins  in  width,  and  is  generally  divided  into  two  branches  by  a 

bs^JCid  of  slate.     Workings  have  been  extended  on  the  course  of  this 

Vxic  for  a  distance  of  nearly  two  miles,  but  tlieir  depth  is  generally 

inconsiderable .     The  chief  produce  of  this  vein  is  haiuiatite,  with  a 

Wt-tle  black    oxide   of   manganese,  while  gothite,   associated   with 

ijuiirtz,   occurs   as  crystals  lining   numerous  druses    disseminated 

ibroiighunt   the   veinstone.     The  shoots  of  ore  met  witli  in  the 

ni'igliljouriio<xl  of  St.  Austell  usually  diji  from  the  granite. 

Fifty  years  ago  among  the  most  prosperous  and  well-managed 
copper  mines  in  the  Icillas  of  this  district  were  those  of  Fowey 
Consols,  situated  in  the  parish  of  Tyvvardreath.  Tlie  lodes  in  this 
lociJity  are  much  contorted  in  length  and  depth,  and  are  remark- 
able for  the  number  of  juuctionB  they  make  with  one  another  in 
their  downwanl  course.  The  enclosing  killas,  which  is  of  a  pale 
blue  colour,  alternates  with  bands  of  felsite,  while  the  veinstone  is 
principally  composed  of  milk-wbite  quartz,  often  enclosing  angular 
fragments  of  the  country  r<.»ck.  Iron  pjTites  and  spathose  iron  ore 
are  frequent  constituents  of  these  Irxles  ;  the  other  minerals  present 
being  various  ores  of  copper,  with  bismuthine,  the  latter  occxirring 
in  hirger  quantities  in  this  mine  than  in  any  other  locality  in 
Cornwall.  The  extent  of  these  mines  h  very  consiilerable,  since 
some  of  the  lodes  are  believed  to  run  through  the  sett  for  a 
ilbtJince  of  above  a  mile.  From  August  1815  to  the  end  of  tbe 
year  1841,  these  mines  returned  234',486  tons  of  copper  ore,  which 
sold  for  £1,442,683.  and  out  of  this  amount  the  profit  paid  to  the 
shareholders  wate"£170,005,  leaving  a  large  reserve  fund  not  divided. 
The  estimated  value  of  j)laiit  and  machinery  wa.s,  in  the  latter 
year,  about  £55,000,  but  shortly  after  this  date  the  annual  produce 
gradually  fell  off,  and  the  mines  were  finally  abandoned  in  1868. 
The  year  of  their  greatest  production  was  1838.  when  they 
yielded  l.i,254  tons  of  copper  ore,  produce  9^,  value  £85,434. 

This  region  once  afforded  a  larger  supply  of  stream  tin  than 
any  other  jjart  of  tbe  county  ;  but  the  more  extensive  stream-works, 
Bucb  as  the  Happy  Union  at  Pentewan,  Huel  Virgin  in  the 
St.  Austell  Valley,  and  tliose  in  the  vicinity  of  the  Jamaica  Inn, 
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being  all  exhausted,  a  comparatively  small  quantity  of  this  class  of 
tinstone  is  now  obtained  from  the  district. 

The  tin  streams  of  Cornwall  liave  been  long  known  to  afford 
occasional  specimens  of  gold,  but  not  in  sufficient  quantities  to 
make  its  collection  a  matter  of  any  importance.^ 

Various  lodes  yielding  small  quantities  of  lead  and  copper  ores 
have,  from  time  to  time,  been,  to  some  extent,  explored  in  the  tract 
of  country  extending  along  the  north  coast  from  St.  Columb  to 
beyond  Camelford;  but  although  small  bunches  of  ore  have 
occasionally  been  found,  no  adequate  results  have-yet  been  obtained 
for  the  money  expended. 

The  total  production  of  the  mines  of  the  East  Central  Division 
of  Cornwall  during  the  year  1881  was,  according  to  published 
statistics,  as  follows  : — 


Black  tin 

"Weight 
Tons  cwts. 
658  15 

qrs. 

3 

Value. 
£         ». 
38,566  16 

d. 
0 

Copper  ore 
Silver      „ 

134     8 
4     6 

0 

1 

581     7 
183    7 

3 

0 

Iron 

♦,203     0 
5,000  10 

0 
0 

2,572     1 

0 

Totals     . 

41,903  11 

3 

£asUrH  Division. — The  mines  of  the  Caratlon  district  are  chiefly 
included  in  the  parishes  of  St.  Cleer  and  Linkinhome,  and  are 
situateil  in  a  granitic  area  forming,  for  the  most  part,  the  southern 
Kmlor  of  the  B«.Klmin-Moor  mass  of  granite,  but  including  also  its 
s«.ntthorn  and  south-eastern  junction  with  the  killas.  This  formation 
is  here  much  intermixed  with  honiblendic  rocks,  while  both  it  and 
the  granito  are  tKvasionally  traversed  by  courses  of  elvan.  In 
addition  to  the  slaty  rock  thus  skirting  the  granite,  a  tract  of 
slato  nearly  a  mile  in  length  and  having  somewhat  less  than  half 
that  width,  a  little  to  the  south-east  of  the  Cheesewring,  is  repre- 
sentor! as  King  ov^»nipIetoly  surrounded  by  granite.  That  this 
\vu»jwn»iivvly  small  jv\ioh  «:f  killas  is,  to  a  very  large  extent, 
onoirv'K\l  by  granito.  apjvars  to  be  i-ertain ;  but  that  it  is  completely 
st'\on\l  l"rv»m  tho  jn^^";!!  Kviv  of  s^xiim^entarv  r«.vks  Ivins  to  the  east 
h,>»#  jjo\  or  Kvn  v\>nii;isiv o*.y  }\rov«si.  Wiihiu  the  bc«undaries  assigned 
to  this  an\-»  v^f  killas  the  h.-jrii::::^  wa'i  of  the  Ph<Bnix  Lode,  to  a 
do}»;h  of  thirty -r.\o  t;ithv':r.s  iroai  :be  suitVtoe,  cc-nsists of  slate,  while 

•  l«5  V.rf  A.  ~-.-y  .•■'■  ;V-f».v.\\  lf;"i.  E;,-ii»ri  C*nf»-  sit&,  '*  TraaeTS  doe  alto  find 
5ht4<'  h.'VjV-s  «■<  vlx<i  tas.'ic^c*!  ;ii<u-  ^H^m.  mii;i  ti;T  £i«pf  ia  qnils,  and  •ell  to 
Itt.-  «;>v.iNr.-..;i)(«  ^<<VxUaM«  wtdi  £:tJt  twocf  f»sat  xiiks.  'Jiamtms  tirhtuge." — Bode 
i-  }v  r. 
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the  foot  wall  is  wholly  of  granite ;  but  at  all  greater  depths  both 

walls  are  composed  of  granite.    The  shallower  parts  of  various  other 

lodes  in  this  irniHediate  neighbourhood  are  also  bounded  by  8lat« 

OD  tLeir  south  side  and  by  granite  on  the  north  ;  the  same  is  the 

ease  at  Sharp  Tor,  north  of  Phoenix.     At  Marke  Valley,  three 

qaartere  of  a  mile  to  the  south-east,  the  lode,  which  dijis  towards 

(lie  north,  has  elate  as  its  banging  wall  to  a  depth  of  thirty-six 

fatlnms,  while  the  foot  wall  is  of  granite;  but  at  all  greater  depths 

the  walls  on  both  sides  are  of  granite.     The  slate  which  fortns  the 

ftanging  wall  of  the  PhcBuix  IxmIc,  to  a  depth  of  thirty-six  fathoms, 

13  very  quartzose,  but  contains  Hakes  of  mica,  with  a  few  fragments 

of  felspar,  and  occasiouid  needles  of  selmrl.     Its  colour  is  i)iuk,  buff, 

or  light  grey,  but  it  is  sometimes  mottled  with  spots  of  crimson  or 

of  brick  red ;  it  is  often  coarse-grained,  and  is  occasionally  much 

contorted. 

The  o^itcrops  of  the  lodes  on  the  southern  slope  of  the  granitic 
'^nge  at  West  Caradon  and  South  Canulon,  consist  of  soft  pale- 
«>i"own  or  reddish-brown  gossan,  with  friable  quartz,  decomposed 
8»'ajiite,  chlorite,  and  a  little  Hnor  spar.     Where  the  structure  is 
*^<^UaUr,  ne.st8  of  clay,  bhick  oxide  of  copper,  and  malachite  often 
**Ocur,  as  well  as  small   patches  of  iron   pyrites,  mispickel,  and 
^^j-ious  ores  of  copper,  together  with  cuprite,  and  small  plates  and 
*'»Xinifications  of  native  metal.     In  the  dee]ier  portions  of  the  same 
"^"^iins,  quartz,  felspar,  and  chloiite,  with  occasional  ruassts  of  granite, 
**-re  still  the  chief  constituents ;  but  brown  iron  ore,  althougii  some- 
times present  in  small  quantities,  is  less  plentiful,  while  tiuor  sjmr 
Vieconies  more  abundant.     At  the  same  time  the  copper  glance, 
_      cuprite,  midachite,  and  black  oxide  of  copper  grtulually  disaj)pear 
^H&u  depth,  while   the  quantities  of  iluor  s}>ar  and  copper  pyrites 
^"  increase.     These  lodes  contain  no  appreciable  amount  of  tin  ore. 
At  Stowes,  Phcenix,  South  Phoeuix,  Dunsley  Phtt^nix,  and  Alarke 
Valley,   the  lodes  have,  besides  ores  of  copper,  afforded  tin  ore, 
but  contain  no  fluor  .spar;   those  of  the  Caradon  Mines,  on  the 
contrary,  have  yielded  lai'ge  quantities  of  copper  ore,  and  contain 
much  fluor  spar,  but  give  little  or  no  tin. 

Several  of  the  principal  lodes  in  this  district  afford  abundant 
evidence  of  the  original  fissure  having  again  oi>encd,  subsecjuently 
to  its  becoming  more  or  less  coaipletely  filled  with  various 
crystalline  minerals.  The  great  lode  at  the  Phojnix  Mines  may  be 
cited  as  an  example  of  a  vein  of  which  the  constitueuts  were 
(leposite^l  during  two  perfectly  distinct  periods.  The  first  fornix 
tiuu  was  stanniferous,  and  was  attended  with  the  productiou 
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capels ;  the  second  mainly  consisted   of  quartz,  associated  witk:::::*, 
various  ores  of  iron  and  copper. 

One  of  the  lodes  at  South  Caradon   has  in  the  same  wa 
resulted  from  a  kind  of  double  deposition.    In  this  case  the  fir 
formation  is  rich  in  copper  ores,  while  the  second  is  compos^^^ 
chiefly  of  drusy  quartz,  with  fluor  spar  and  iron  pyrites. 

Three  of  the  principal  mines  in  the  Caradon  district  yield^B^ 
copper  ores  to  the  following  amounts  and  values,  during  the  sever; — t 
periods  stated  in  the  following  table  : — 


Tons. 

M 

South  Caradon- 

-ten  years 

to  end  of  1861 

41,790 

429,561 

»i 

1871 

60,794 

491,782 

i> 

1881 

67,389 

361,418 

West  Caradon 

1861 

39,464 

842,684 

ft 

1871 

13,341 

79,988 

•1 

1881 

1,663 

6,986 

East  Carailon 

1871 

89,091 

194,926 

9> 

1881 

10,425 

63,494 

During  the  year  1881  these  mines  made  the  following  returns:^ 
respectively : — 

inns   ewtt.  £         $.  d.  Prodnec 

South  Caradon 6,186    9  27,6n9    8  2                9^ 

West  Caradon      227    8  804  14  6                61 

East  Caradon 118  19  633  16  8                l\ 

The  lead  veins  of  the  neighbourhood  of  Liskeard  are  situated  in 
the  parishes  of  Lanreath  and  St.  Pinnock,  three  and  half  miles  S.W. 
of  the  town,  and  seven  miles  from  the  Caradon  granite ;  and  in  the 
parish  of  Menheniot,  about  one  and  half  mile  S.E.  of  Liskeard.   The 
latter  district  extending  from  Butterdon,  near  the  Callington  turn- 
pike to  within  half  a  mile  of  Menheniot  Church.    The  Lanreath 
and  St.  Pinnock  district  is  a  very  small  one,  being  scarcely  a  miles- 
long,  by  one  eighth  of  a  mile  in  width.     Its  only  important  mine 
now  in  operation  is  Herodsfoot,  which  was  the  first  mining  worlc: 
undertaken  in  the   neighbourhood  of  Liskeard.     The  Menheniot 
lead  district  is  about  a  mile  and  a  half  in  length  and  half  a  mile 
in  width ;  its  principal  mines  being  Huel  Mary  Ann  and  Hue/ 
Trelawny. 

The  Lanreath  and  St.  Pinnock  Mines  lie  a  little  west  of  the 
imaginary  boundary  line,  and,  therefore,  belong,  strictly  speaking,  to 
the  East  Central  Division  of  the  county ;  as,  however,  this  district 
adjoins  that  of  Menheniot  and  resembles  it  in  many  respects,  it 
will  be  more  convenient  to  describe  them  together. 

The  rocks  of  both  these  districts  chiefly  consist  of  slates, 
sometimes  enclosing  Devonian  fossils,  and   near   the    surface  are 
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I    gtjncmlly  bniwn,  drab,  or  dun-coloureij,  but  at  great«r  depths  hav*] 
I    a  sUky  lustre  aud  assume  &  deep  blue  or  blackish  hue. 
f  -\t  various  depths  in  the  mine^  of  Iluel  Trela'wny  and  Huel 

ITajy  Ann  the  ordinary'  killas  has,  lying   between  its  planes  of 
l»e'tJding,  conformable  sheets  of  felspathic  and  hornblendic  rocks, 
which  are   locally   known   as    eU'aus;   and  are    usually    massive, 
but  sometimes  e.\hibit  a  schistose  structure.     Between  these  and 
the    slate  there  is  sometimes  a  gradual  change,  but   more  com- 
nouly  the  transition  from  one  to  the  other  is  distinct  and  im- 
ie<iiate-     The  felspathic  and  hornblendic  rocks  of  this  neighbour- 
hood occasionally   contain  spheroidal   bodies  made   up  of   many 
>n.centric  layers.      This  structure  is  not,  however,  eutirely  con- 
in^fd  to  the  hornblendic  and  felspathic  rocks,  since  Henwood  status 
the*.!  at  Huel  Trelawny  a  concretion  of  this  kind,  consisting  of  five 
listinct  layers  of  quartz  and  galena,  was  found  in  a  siliceous  slaty 
tLi^trix  at  a  depth  of  5.5  fathoms  from  the  surface. 

In  ceither  of  these  districts  has  more  than  one  productive  lode 

*^i  «n  discovered.    That  upon  wljich  the  Menheniot  mines  have  been 

*;^:»ened  takes  somewhat   different  directions    in  various  purts  of 

^  *:-«  course,  its  bearing  in  Huel  Trelawny  being  5°  W.  of  N.  and  £. 

'^^'lE'  8.,  while  in  Huel  Mary  Ann  its  course  is  from  3"  to  8°  E.  of  N. 

^^-"«Mi  W,  of  S.      In  the  Lanreath  district  the  lode   at  Herodsfoot 

Jczkears  from  8^  to  12°  W.  of  N.  and  E.  of  S. 

^1  Tiie  lodes  of  this  region  maintain  an  average  dip  of  79",  their 

Ti^  -nclination  l>eing  to  the  east ;  in  thickness  they  vary  from  six  inches 

|"%^i  four  feet,  the  average  width  being  probably  about  two  feet.    The 
«liief  constituent  of  the  lodes  in  both  districts  is  quartz,  which, 
near  the  surface,  is  often  granuhir,  and  is  mixed  with  ferruginous 
gossan,  but  at  greater  depths  is  generally  massive  and  milk-whito 
itt  colour.     In  the  Menheniot  Lode  chalcedonic  silica  is  sometimes 
:»       aasociated  with  vitreous  quartz  and  chalybite,  while  04xlcite  occurs 
in  the  deeper  levels.   At  Herodsfoot  pearl  spar  is  found  iu  tlie  ji^iuts 
anil   crevices  both  of  the  lode  and  of  the  country  rock.     Iron 
pyrites,  which  is  usually  more  or  less  argentiferous,  is  a  coniiiion 
Constituent  of  Iiofch  lodes,  while   small  quantities  of  chalcojiyriJe 
and  blende  occur  most  frequently  in  the  more  quartzose  portions 
of  the  veins.     In  addition  to  these  minerals  the  lode  at  Herodsfoot 
contains  bouniouite  and  sulphide   of  antimony.     Carbonate  and 
phosphate  of  lead  occur  near  the  surface,  but  lower  down   these 
miooraU  are  entirely  replaced  by  galena.     In  the  Menheniot  Lode 
the  ore  is  often  associated  with  quartz  and  fluor  spar;  w^hile  at 
Herodsfoot,  on  the  other  hand,  a  granular  quartzose  veinstone, 
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iuclutling  numberless  spots  and  patches  of  galena,  is  traversed  by 
stiings  and  ribs  of  that  ore.  In  this,  as  in  all  other  lead  districts, 
the  ores  obtained  from  different  lodes,  and  even  from  different  parts 
of  the  same  lode,  are  unequally  argentiferous.  The  ore  sold  at 
Huel  Trelawny  from  1851  to  1869  afforded  on  an  average  "00 1240 
its  weight  of  silver,  which  is  equivalent  to  40  oz.  13  dwt.  9  gr. 
per  ton  of  2,240  lbs. 

At  Huel  Mary  Ann  the  ore  returned  from  1851  to  1869 
yielded  on  an  average  '001435  of  silver,  equal  to  46  oz.  17  dwt. 
12  gr.  per  ton.  In  both  mines  there  was  a  gradual  increase  in 
the  proportion  of  silver  from  the  shallower  to  the  deeper  levels. 
Huel  Mary  A.nn  and  Huel  Trelawny  suspended  operations  in  1870. 

The  lead  ore  extracted  from  the  northern  and  southern  mines 
at  Herodsfoot  from  1851  to  1867  afforded  on  an  averse  •000814 
of  silver,  equivalent  to  26  oz.  11  dwt.  16  gr.  per  ton.  The 
lead  ores  raised  throughout  Cornwall  in  1855  contained  on  an 
average  about  23  oz.  of  silver  per  ton. 

The  lodes  of  this  district  frequently  enclose  thin  laminse  of  slate, 
which  usually  assume  the  direction  and  dip  of  the  enclosing  veins. 
These  fragments  are  often  sharply  defined  and  quite  unaltered,  but 
they  are  sometimes  permeated  by  siliceous  and  calcareous  matter,  or 
are  penetrated  by  strings  and  branches  of  veinstone.  The  leaders  or 
metalliferous  portions  of  the  veins  are  sometimes  separated  from 
the  country  rock  by  a  band  of  breccia,  consisting  of  angular  masses 
of  slate  sometimes  enveloped  in  as  many  as  six  accretions  of  chal- 
cedonic  quartz.  These  enclosed  fragments  are  often  exceedingly 
small,  and  seldom  exceed  three  inches  in  diameter;  they  have 
frequently  to  some  extent  become  replaced  by  quartz ;  and  thin 
branches  of  tliis  mineral,  containing  either  galena  or  iron  pyrites, 
often  intersect  or  interlie  the  laminse.  Cavities  studded  with 
botryoidal  concretions  of  agate-like  silica  encrusted  with  crystals 
of  quartz  and  sprinkled  over  with  calcite  and  chalybite,  occur  in 
all  parts  of  the  siliceous  cement.^ 

Towaals  the  southern  portion  of  Huel  Mary  Ann  and  through- 
out the  adjoining  mine  of  South  Huel  Trelawny  as  well  as  between 
the  old  and  new  mines  at  Herodsfoot,  the  lodes  are  represented  by 
bunches  and  disconnected  strings  of  veinstone,  occasionally  con- 
taining a  few  spots  and  bunches  of   ore.     These  usually  follow 

'  Fig.  30.,  p.  iT,  shows  the  moJe  of  occarrence  of  breciiated  veinstone  at  Hnel 
Mary  Ann,  wliile  Kip.  27,  p.  44,  represents  a  t|uartzose  i-oncretion  from  Iluelgoet 
of  the  same  chanu-U  r  as  those  which  are  found  in  the  cementing  material  of  the 
Menheniot  lodes. 
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j)  joint  maintaining  tlie  normal  direction  of  tlie  lode,  but  seldom- 
afl«?<^t  piirallel  portions  of  neighbouring  joints.  Wherever  the 
/i^es  are  thus  broken  up  and  disturbed  the  country  rock  is  dis- 
orcl^^t^tl  i^DtJ  traversed  by  numerous  tlucans  of  slaty  clay. 

The  workings  at  Herodsfoot  were  extended,  at  diflerent  depths, 
for"  distances  varying  from  tiiirty  to  forty-five  fathoms  through  this 
Jij343rdered  ground,  before  the  lotle,  which  had  (hvindled  in  tlie  old 
mi.  ne,  was  again  found  in  the  new.  At  Huel  Miuy  Ann  and  Suutli 
H;ti.el  Trelawny  still  greater  distances  were  laid  oi)en  without  success. 
Tt**  water  of  these  mines  contains  large  quantities  of  sulphate 
of     calcium. 

The  Menhoniot  lead  lode  is  intersected  by  two  flucans,  the  most 
northerly  of  these,  in  Huel  Trolawny,  bears  10°  S,  of  E.  and  dips 
8-  about  55";  the  more  southerly,  in  Huel  Mary  Ann,  bears  about 
S.  E.  and  N.W.,  with  a  dip  N.E,  varying  from  about  40°  to  50°. 
T'l'fce  iixle  has  consequently  the  direction  of  the  utqirnductive  cross- 
coxirses  of  other  districts,  while  the  tlucans  have  the  same  bearing 
aj^    the  lotles  of  tin  and  copper. 

According  to  HenwooJ  the  profits  made  from  1844  to  18 GO 
wy-cae  as  follows  : — 


Huel  TreUiwny 
Huel  Mary  Ami 
Herodsfoot    .    . 


Total 


£5G,014 
G."),oS5 
49,848 

£172,347 


At  Huel  Ludcott,  in  the  pari.sli  of  St.  Ive,  about  a  mile  and  a 
half  N.N.E.  of  Huel  Trelawny,  the  country  rock  is  a  glnasy  dark- 
blue  killas.  with  pianes  of  cleavage  ranfjing  nearly  N.E.  and  8.VV. 
and  dipping  from  15°  to  20°  S.E.  Two  nearly  parallel  lodes 
running  about  N.  and  S.,  and  dipping  from  80°  to  86°  E,,  have 
been  worked,  one  to  a  depth  of  S(J  and  tlie  other  to  that  of 
130  fathoms.  The  shallower  parts  of  both  vein.s  consisted  of 
granular  quartz,  gos.san,  and  slaty  clay,  with,  occasionally,  a  little 
iron  p}'Tites,  chalcopyrite,  blende,  and  galena.  At  more  considerable 
depths  the  quartz  became  less  crystalline,  and  calcite  made  its 
appearance.  In  some  places  both  these  lodes,  which  vary  from 
two  to  three  feet  in  width,  were  rich  in  galena,  which,  on  one 
side  of  the  north  cross-couise,  contained  neju-ly  twice  as  largo  a 
proportion  of  silver  as  on  the  other.  Three  cross-veins,  all  bear- 
ing E.  and  W.,  dipping  S.,  and  varying  from  one  foot  to  eighteen 
feet  in  width,  intersect  both  lodes. 
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Tlie  cross-veins  generallr  consist  of  slaty  clay,  grannlar  qnartz^ 
calc  spar,  chalybite,  and  iron  pyrites ;  but  sometimes  the  quartz 
becomes  more  flinty,  and  isolated  masses  of  galena  or  small 
patohes  (>f  c<>pper  pyrites  make  their  appearance.  Between  the 
severe*!  porti^^ns  of  the  eastern  lode,  at  depths  varying  from 
93  to  110  fathoms,  the  northern  cross-course  enclosed  crystals  of 
galena  jwr  in  silver,  occasionally  detached,  but  sometimes  em- 
bedded in  mtisses  of  argentite  of  considerable  size.  Stephanite, 
pyrai^yrite.  and  aigeutite  were  also  met  with  in  druses,  where 
they  were  sprinkled  over  crystals  of  quartz  and  calcite.  Crystals 
of  galena  were  also  often  d^vefed  in  the  same  way  with  crystals 
of  silver  ore,  and  threads  of  native  silver  traversed  the  veinstone 
as  well  as  the  giUena  and  other  ores.  From  this  cross-course 
o04  tons  15  owTs.  of  silver  ores  were  obtained,  which  sold  for  a 
litrle  more  than  £22.otjl.  making  an  average  of  £73  16*.  3d.,  per 
ton.  The  p^ervvutage  of  lead  varied  from  7  to  40  per  cent.,  but 
the  average  yivid  <>t  this  metal  was  not  much  abi:>ve  9  per  cent, 
and  the  ores  o:\n.  therefore,  only  be  regarde*!  as  silver  ores. 

The  Calliugt'.-n  n:  ir.ing  liistriot  n.ay  be  described  as  an  area  chiefly 
cv^knsistiiig  of  clay  slaie,  which  includes  the  two  smaller  granite 
pivtruskus  of  Ki:  Hill  and  Gunnis  Lake,  constituting  links 
botwevn  the  fwo  gre:*:  rangts  of  R.x;min  M*3or  and  Dartmoor. 
It  c\.u:jrisos  parts  of  :he  parishes  of  Citllington,  Calstock^  and 
Stoke  Cl:r..sl:i::i.  :r..lt;  ".-'.li:  ar:  srta  o:  al>;-at  dve  miles  in  length 
and  U'iarly  :'.rv-?  in  w:,;:r.. 

The  grauitv  of  Ki:  Hill  sr.i  of  G^innis  Lake  is  somewhat 
f.ner  in  irnun  *'.an  *l.at  •::  the  larger  maizes  -.:  tiiat  rock  further 
west,  bet  it  is  s>-4v:«:r.tly  trjiv-r?c-.i  by  veil*  of  qianz  and  schorl, 
which  SvU-.otiu:^s  0"..L.t.v.ii  tin  cxi  ie.  The  slite  v^iries  coasiderablj 
in  •.iirV.rvnt  l.vVilitit.s  Cvth  iti  ■:-  l.rir  az-i  ia  texture.  Ax  Drake 
Walls.  wV.fK-  it  is  .;:  a  -.iivp  clttr  colwf  -i- :  has  a  silky  lustre, 
scvenl  1  -iis  i.-iv-r  b*;-::.  w.. rkivi. ?.-i LiVf  i:i  the  a^grrgaie  produced 
Linre  •./.::i.-_titiis  •::  tin  rre.  -sri.'h  is.  h:^rvrr.  tisually  asc<iated 
with  w.l:-.:.:.  Thv  r.vk  is  .ftc-  triv-rsc-.i  cy  sql&U  veins  of 
ta.ss:tcr:tc,  .'.se  t^.^w?  w;..:,'^  c*.v-r  :ji  s_itc  it  P-:.C'err-'W,  and  in 
grii-ite  it  Cc-r.l.vre  izi  elstwhTn?  in  C-rntril  CmwalL  The 
diri^ti.t;  :t  thr  l:«i-s  is  ^iu.'; rally  a  :r-=-  Ir^-ees  S.  of  W. ;  but 
Si;cir  cf  thr~  rtj.r  r.-.tl-rr  N.  .:"  W".  Th-v  i:y  :.r  tie  n:-:*?*  port 
to'^^ir'-ts  t-.r  i-.rt-,  ,ut-. .■"i;r.  ^  tt"  iav^  .c:.  .Tr«:5?ite  mcunation. 
Cr:cs-^'"."r5..s  .s^rv  ti"-_.-.r:-s.  izi  :h:y  ■-■•^.s:  ".•""y  heave  the 
i.'i^s  to  J  <--•  r.s;  •-:.-.■.:  Ir  •..stA:-.:':.  Hi.l  Fntsv  ir>i  Ee>iiiiOQr. 
which  ar;   ;•.  tl.  :_  k".l..-.<.  1. «■■;  \i.l.i-:-i  l,;r^-    : -jLr::ti-:s  •.:  galena 
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associated  with  chalybite.  Native  copper,  cuprite,  malachite,  black 
copper,  copper  glance,  copper  pyrites,  and  sundrj'  rare  minerals,  and 
gat'^^S  others  uranite,  have  been  found  at  Gunnis  Lake. 

A    metalliferous    bed    containing    quartz,    chalybite,    copper 

pyritt'S,  and  other  minerals  occurs  at  Virtuous  Lady.     Its  course 

is  about  20°  S.  of  W.,  and  its  dip  N.,  with  a  thickness  varying 

dom  a  few   inches   to   thirty  feet.     The   ores,   which   aro   very 

irregularly  disseminated  throughout  the  mass,  usually  occur  in  the 

quartz,  but  large  patches  are  also  sometimes  found  associated  Avith 

carbonate    of    iron,    and    iron    pyrites.      This    mine    was    long 

celebrated  for  its  fine  crystals  of  chalybite.     Childrenite  has  been 

found  at   the  Oeorge  and   Charlotte  Mine,  as  well  as  at  Huel 

Crebor,  in  this  district. 

The  Callington  district  at  the  present  time  is  of  but  little 
Commercial  importance  as  a  mining  area,  although  it  was  formerly 
much  more  productive.  The  mine  now  making  the  largest  returns 
is  Gunnis  Lake  Glitters,  which,  during  the  year  1881,  yielded 
5,520  tons  of  copper  ore,  of  the  value  of  £15,831  15s.  Gd. 

The  production  of  the  mines  of  the  Eastern  Division  of  Cornwall, 
iuring  the  year  1881,  was  as  follows  : — 


Black  tin 

Tom. 
541 

Weight 
cwts. 

13 

1 

Value. 
£          ».      d. 
29,958     8     0 

Copper  ore 
Lead 

11,1)41 

467 

17 
17 

0 

1 

56,300  16  10 
4,.550     7  10 

Iron  pyrites 
Wolfram 

13,953 
6 

6 
2 

0 
2 

13,154  16  U 
48  13    9 

Totals    ,     26,909       16       0 


104,103     3     4 


In  addition  to  the  black  tin  produced  by  the  mines  of  Cornwall 
during  the  year  1881,  057  ton.s  1  cwt.  were  obtained  from  streams, 
rivers,  and  foreshores,  and  263  tons  19  cwts.  2  qrs,  of  black  tin  were 
returned  as  sold  in  the  form  of  undressed  tin-stuff.  During  the 
same  year  2,774  tons  of  arsenious  oxide  (As-jOj),  worth  £19,250, 
were  produced  in  Cornwall  from  the  roasting  of  ores  containing 
arsenic. 

Statistics  Rtlating  to  the  Production  of  Tin,  Copper,  and  Lecul 
Ores  in  Cornwall. — The  period  at  which  Cornish  tin  was  first 
worked  and  exported  has  been  lost  in  the  obscurity  of  ages. 
According  to  Borlase,  however,  the  production  of  tin  in  Cornwall 
was  very  inconsiderable  even  in  the  time  of  King  John,  1199-1216. 
In  this  reign  the  tin  farms  of  the  coimty  yielded  no  more  than 
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100  marks  per  annum,  and  in  accordance  with  this  valuation  the 
Bishop  of  Exeter  received,  in  lieu  of  his  tenth  part,  the  sum  of 
£6  13s.  id.  The  tin  farms  of  Devonshire,  at  the  same  period, 
yielded  £100. 

In  1750  the  production  of  the  Duchy  of  Cornwall  was  18,698 
blocks,  equivalent  to  about  3,132  tons  of  metallic  tin.  In  1800, 
after  having  been  in  1789  as  high  as  22,132  blocks,  the  production 
was  16,397  blocks,  or  about  2,746  tons.  The  production  of 
metallic  tin  in  the  year  1838,  after  having  been  as  high  in  1827  as 
31,744  blocks,  amounted  to  29,321  blocks,  or  about  4,911  tons. 

Until  the  year  1854  the  production  of  the  Cornish  tin  mines 
was  by  the  Mining  Record  Office  grouped  with  that  of  Devon, 
although  the  yield  of  the  latter  county  was  relatively  unimportant. 
The  following  table  gives  the  production  of  tin  in  Cornwall  firom 
the  date  at  which  records  of  the  yield  of  the  two  coxmties  have 
been  kept  separate. 


WbIOHT  AMD  YAIATB  OF  TiK   OrX  OBTAimSD  FROM  COBNISB  MOEB 
FBOM  1854  TO  1881. 


Year. 

Tom.' 

VcIbo  (if  IK«. 

Romuka. 

18£1 

8,447 

£ 

540,608 

lasB 

8,627 

586,638 

1856 

9,214 

764.762 

1857 

8,688 

736,228 

1858 

9,905 

830,328 

1859 

10,059 

723,370 

iseo 

10,225 

798,209 

1861 

10,725 

776,612 

1862 

11.688 

773,729  ,, 

1S63 

13,938 

924,447 

1864 
1865 
1866 
1867 

15.687 
13,887 
13,601 
10,988 

881,845 
767,660 
658,686 
546,288 

f 

rmlticticin  of  Comish  mines 
nnd   tin  atrenms  for   t«n 
years  to  end  of  1871— 

1869 

11,5S0 

938,052 

TbfiiK                 TtloA 

186» 
1870 

18,758 
15,190 

879.997 
998,963 

131,928        £8,106,318 

1871 

18,759 

1.067,176^ 

1872 

12,156 

1,058,001 

1873 

14,660 

1,034,693 

1874 

14,686 

746,328 

1S75 

13.800 

690,592 

Ten  yeara  to  end  of  1S81— 

1876 

13,623 

570,996 

1877 

14,Se5 

657,295 

Tons.                 YaJuo. 

1878 

14,992 

519,581 

138,621        £7,098,129 

1879 

14,168 

659,242 

1880 

]  3,353 

ars,a30 

1881 

12.788 

693,021  J 

f 


'  The  ton  of  tin  ore  consists  of  20  cwts.  each  of  116  lbs. 
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The  Largest  production  of  tin  ore  in  Cornwall  was  in  the  year 
2S71,  but  since  1S73  the  amount  annually  produced  has  not  very 
ma-teriftlly  fluctuated. 

Copper  mines  do  not  appear  to  have  been  worked  in  this  county 
it.il  about  the  year  1700,  although  small  quantities  of  copper  ore 
»ire  previously  obtained  from  mines  worked  more  expressly  for 
^o»     In   1838  the   production  of  the  copper  mines  of  Cornwall 
Lounted  to  145,688  tons,  each  of  21  cwts,,  representing  a  money 
lue  of  £857.779.1 

On  referring  to  the  following  table  it  will  bo  seen  that  the 
inual   production  of  the  county  has  gradually  decreased  since 
1855. 


Weioht  and  Valub  of  Copper  Ore  obtained  from  Cornibh  Mineu 
FROM  1855  TO  1881. 


T«^. 

Tons' 

V»lne. 

Rcnurka. 

1855 

181.676 

£ 
1,064,474  ] 

1854 

163.968 

1,019,176 

Production  for  seven  years 

1857 

162,729 

979,565 

to  end  of  1861— 

1868 

147,330 

873,347 

> 

1859 

146,093 

906,897 

Ton«.                  Valne. 

1860 

145,359 

873,471 

1,060,164        £6.582,612 

1861 

143,119 

816,682 

1862 

141,810 

728,299  > 

1863 

129,221 

642,944 

1864 

127,033 

669,918 

Produotion  for  ten  years  to 

1866 

121,353 

572,619 

end  of  1871— 

1866 

103,670 

431,083 

k 

1867 

88,608 

413,638 

Tom.                 V«ln«. 

1868 

86,722 

373,006 

978,494        £4,685,017 

1869 

71,790 

316,864 

1870 

56,.')26 

242,227 

1871 

46,766 

206,026  J 

1872 

41,756 

226,654^ 

1873 

40,285 

188,236 

1874 

40,455 

201,867 

1876 

39,398 

204,228 

Production  for  ten  years  to 

1876 

43,010 

202,203 

s 

end  of  1881— 

1877 

80,225 

169,849 

J 

1878 

36,871 

146,413 

Tona.                    Value. 

1879 

30,371 

116,168 

862,019        £1,670,614 

1880 

26,737 

111.408 

1881 

24,510 

104,888, 

It  •ft'ill  be  observed  that  the  protluction  of  copper  ore  in  1881 
'^represented  only  one-tenth  of  the  value  of  that  raised  in  1855. 
The  average  produce  in  metal  of  tlie  copper  ores  of  Cornwall  is  at 
present  about  6|,  altliough  in  1848  it  was  as  high  as  8|. 


'  Copp«i  and  lead  ores  are  sold  by  the  ton  of  21  cwtR. 
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The  following  table  shows  a  great  falling  off  since  1845  in  t 
quantity  and  value  of  the  argentiferous  lead  ores  annually  produc 
in  the  county  of  Cornwall. 

Weight  of  Lead  0ke8  obtained  from  Cornish   Mines  fkok  1845  to   18 
WITH  THE  Amounts  of  Lead  and  Silver  respectively  contained  in  them,  & 


Te«r. 

Lead  Ore. 

Lead. 

BiWar. 

Valne  of  ore. 

Tons. 

Tons. 

1845 

10,100 

6,063 

1846 

11,574 

7,304 

1847 

8,228 

4,938 

1848 

10,494 

6,614 

1849 

10,825 

6,773 

1850 

10,386 

6,782 

02. 

1851 

9,515 

6,709 

255,640 

1852 

8,998 

6,220 

250,008 

1853 

6,680 

4,690 

166,670 

Average  per  ton 

1854 

7,460 

6,005 

179,675 

£    ».    d. 

1855 

8,962 

5,882 

211,348 

14  4  6 

1856 

9,973 

6,597 

248,436 

14  8  0 

1857 

9,559 

6,036 

224,277 

14  16  0 

1858 

9,710 

5,436 

223,189 

14  «  0 

1859 

7,842 

4,985 

215,964 

13  16  0 

1860 

6,410 

4,242 

180,757 

13  17  8 

1861 

6,690 

4,228 

173,344 

12  10  7 

1862 

6,030 

4,119 

205,662 

12  10  0 

1863 

6,259 

4,270 

206,312 

13  1  6 

1864 

5,301 

8,688 

192,232 

14  6  10 

1865 

6,546 

4,296 

214,659 

12  14  7 

1866 

6,736 

4,350 

195,218 

12  16  1 

1867 

8,645 

6,480 

314,326 

12  17  « 

1868 

8,415 

6,310 

303,033 

12  1  8 

1869 

9,023 

6,775 

315,714 

12  6  6 

1870 

8,481 

6,360 

292,045 

12  4  6 

1871 

7,664 

6,073 

267,324 

12  6  0 

1872 

6,463 

4,098 

207,710 

13  13  0 

1878 

3,909 

2,923 

129,509 

15  8  0 

1874 

3,119 

2,887 

85,304 

14  13  6 

1875 

2,566 

1,932 

25.681 

15  9  3 

1876 

2,727 

2,070 

87,650 

15  8  0 

1877 

2,166 

1,674 

23,035 

13  19  0 

1878 

1,849 

1,022 

16,456 

10  11  8 

1879 

725 

646 

9,436 

10  8  0 

1880 

764 

670 

1    11,790 

11  6  0 

1881 

765 

409 

14,396 

10  8  0 

Tons 

Total  production  of  lead  ore  for  ten  yeais  to  end  of  1861 82,284 

1871 73,000 

1881 23,543 

Devonshire. — The  mines  of  Devonshire  are  much  1 
numerous  and  productive  than  those  of  Cornwall,  which  th 
however,  resemble  in  various  other  respects  besides  being  for  1 
most  part  situated  in  the  approximate  vicinity  of  the  junction 


clay  slates  and   gmuite.     The    most    importaut    of   the    mining 

districts  of  this  county  is  that  of  Tavistock,  which  includes  the 

■■bole  of  the   killas   area   extending   from   the   river   Tamar   to 

Dartmoor,  having  a  width  from  north  to  south  of  about  ten  miles, 

!a  this  district  are  situated  the  celebrated  copper  mines  of  Devon 

Great  Consols,  formerly  the   most  productive  in  Great   Britain. 

rhia  undertaking  was  started   in  the  year  184-1'  \vith  a  capital 

of    only  £1,024,  which  was  never  increased  by  calls  or  otherwise  ; 

but  in  the  course  of  the  following  tweuty-one  years  a  total  profit 

of    £1,000,000  was  tlie  result  of  the  operations. 

The  mining  field  of  Devon  Great  Consols  comprehends  several 

n^-puate  grants,  all  of  which  are  connected  by  underground  work- 

ix»-gs.    The  original  sett  was  that  of  Huel  Maria,  the  others  having 

b>e^n  subsequently  a<lded  as  extensions  became  desirable.     There 

s^T«  six  difiFerent  lodes  at  the  Devon  Great  Consols,  namely,  two  to 

■fclse  north  of  the  main  lode,  the  main  lode  itself,  and  three  others  to 

tiViesouth  of  it;  these,  including  the  principal  vein,  have  a  direction 

-rarying  from  12°  to  20'  S.  of  E.  and  N.  of  W.    Their  underlie  is  to- 

■wanls  the  S.,  and  is  on  an  average  about  two  feet  in  a  fathom. 

The  country  rock    is  a  kind  of  mottled  killas,  the  spots  in 

hich  are  apparently  caused  by  minute  and  imperfect    crystals 

andalusite.     At  one  point  the  workings  extend  westward  to  the 

(iuniiis-Lake  mass  of  granite,  but  there  are  no  elvans  in  the  im- 

Diediate  neighbourhood  of  the  mines.    In  the  greater  portion  of  the 

workings  the  walls  of  the  lodes  are  well  defined,  this  being  more 

especially  the  case  where  they  are  most  productive.     The  width 

C'f  the  main  lode,  which  has  yielded  the  principal  portion  of  the 

copper  obtained  from  the  mines,  is  sometimes  as  much  as  thirty 

feet;  while   the   others  are   considerably   narrower  and   of  less 

importance.    There  are  ten  known  cross-courses  at  Devon  Consols; 

one  at  Huel  Maria  has  heaved  the  lode  eighty  fathoms  to  the  right, 

but  the  other  lodes  have  not  been  opened  sufficiently  near  this 

**oa8-cour8e  to  ascert^ain  its  influence  upon  them,     What  is  known 

^  the  "Great  Cross-course"  is  chiefly  composed  of  fincan,  with 

Occasionally  a  little  gossan  near  the  surface.     Spots  of  lead  ore 

nave  also  occasionally  been  found  in  the  flucan.     The  lodes  are, 

W  the  most  part,  composed  of  quartz  associated  with  iron  pyrites, 

enical  pyrites,  and  copper  pyrites,  with  sometimes  a  little  tin 

;  wljile  carbonate  of  iron  is  usually  present,  not  unfrequently 

bnm'ng  the  material  cementing  together  the  brecciated  portions  of 

tiie  reins.    One  of  the  lodes  in  these  mines  sometimes  assumes  the 

ppearance  of  having  been  filled  with  fragments  of  crushed  killi 
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united  by  crystalline  iron  pyrites.  When  a  lode  of  tbis  descri^^| 
tion  has  been  opened  upon  by  levels  or  otherwise,  the  pynte^H 
becomes  rapidly  oxidized,  the  veiastone  is  quickly  disintegmtcHJj^H 
and  very  heavy  timbering  is  required  to  keep  the  ground  open. 

The  ores  raised  at  Devon  Great  Consols  are  usually  of  a  low 
produce  for  copper,  but  they  contain  in  addition  a  considerable 
amount  of  arsenic.  A  large  proportion  is  consequently  roasted 
previous  to  being  sold  as  copper  ore  ;  this  ojH^ration,  in  addition  to 
yielding  a  valuable  product  in  the  form  of  white  arsenic,  materially 
increasing  the  percentage  of  copper  in  the  residues.  About  six- 
sevenths  of  all  the  ores  now  sold  are  calcined  for  arsenic  previous 
to  being  sent  to  market.  ^H 

The  principal  workings  of  the  mines  do  not  extend  to  a  deptl^™ 
much  exceeding  220  fathoms  below  the  adit,  which  is  sixty  fathoms 
from  the  surface;  one  shaft  haSj  however,  been  sunk  to  a  depth  of 
300  fathoms  below  the  adit  level,  chiefly  in  the  hope,  which  ha^_ 
hitherto  been  disappointed,  of  finding  tin  ore.  ^B 

The  workings  comprise  twenty-seven  and  a  half  miles  of  levels, 
six  and  a  Iialf  miles  of  winaes  and  rises,  and  two  and  a  half  mile 
of  vertical  shafts.  The  largest  return  made  in  any  one  year  was  iij 
1857,  when  28,836  tons  of  copper  ore,  of  the  v.alue  of  £150,435 
were  raised  and  sent  to  market.  The  production  of  Devon  Grea 
Consols  for  1881  was  10,922  tons  of  copper  ore,  of  4^V  produce,  ac 
of  the  value  of  £20,113,  As  before  atateJ,  the  ores  of  these  mines 
are  usually  arsenical,  and  during  the  year  1881  2,851  tons  of  white 
arsenic,  of  the  value  of  £23,324,  were  prepared  by  calcination. 
Up  to  March  1882  Devon  Great  Consols  has  afforded  G60,184  tons, 
eacli  of  21  cwts.,  of  copper  ore,  of  the  value  of  £3,344,446. 

Bedford  United  Mines,  lying  about  a  mile  south  of  Devon  Grca^f 
Consols,  have  for  many  years  been  a  fairly  productive  undertaking. 
During  thirty  years  ending  December  31, 1881,  these  mines  yielded 
47,544  tons  of  copper  ore,  of  the  aggregate  value  of  £113,298. 
The  production  of  the  yea,r  1881  was  656  tons  of  copper  ore,  of 
oj-  produce,  representing  a  value  of  £1,997. 

Huel  Friendship,  near  Mary  Tavy,  which  returned  110  tons  of 
ore  in  1811,  was  for  many  years  a  productive  copper  mine,  but  th^ 
yield  of  ore  having  become  'gradually  reihicod,  the  workings  wet 
ultimately  suspended  in  1857.  The  total  yield  of  this  mine  during 
twenty-six  years  amounted  to  32,250  tons  of  copper  ore,  of  the 
value  of  £250,410. 

Numerous  lodes  have  at  various  times  been  opened  in    thfl 
neighbourhood  of  Bridestow  and  Okeharapton,  to  the  north  of  tfafl 


HKt  ».] 


ENGLAND. 


151 


Tavistock  district  skirting  the  southern  flank  of  Dartmoor,  but  in 
no  instance  does  a  profitable  mine  appear  to  have  been  discovered. 
In  the  Ashburton  district,  which  inchides  all  the  area  of  clay  slates 
skirting  tbe  eastern  side  of  Dartmoor,  and  extending  some  miles 
narth  and  south  of  Ashburton,  are  numerous  lodes,  some  of  which 
hfive  jdelded  ores  of  copper  and  tin;  they  have,  however,  seldom 
j-ieslded  these  ores  in  remunerative  quantities. 

Lead  mining  in  Devonshire  is  of  great  antiquity,  dating  back 

to  the  time  of  the  Roman  occupation  of  the  country.     Some  of  the 

Diines  of  tliis  coimty  were  worked  on  account  of  the  crown  for  the 

silver  contained  in  the  lead  ore  as  early  as  the  reign  of  Edward  I., 

when  they  are  recorded  to  have  been  profitable.     The  lead-mining 

districts  of  Devonshire  are  chiefly  around  Beer-Alston  and  Combe 

Martin.     The  mines  of  the  latter  district  were  re-opened  in  the 

reign  of  Elizabeth,  and  have  beeu  worked  at  various  times  since 

ttiat  period.     Their  working  was  strongly  recommended   to  the 

Long  Parliament  in  1659,  but  they  do  not  appear  to  have  been 

a>^ain  opened  until  the  end  of  that  century,  and  then  without 

sxiccess.     In  1813  they  were  re-opened  and  worked  for  four  years, 

tiviring  which   period  they  produced  only  208  tons  of  lead  ore. 

Tliey  were  subsequently  closed,  and  again  worked  in  1837.     Of 

late  years  the  most  productive  lead  mines  have  been  those  in  the 

neighbourhood  of  the  Tamar,  and  tiie  Exmouth  and  Frank  Mills 

^ines  on  the  banks  of  the   river  Teign,  within  ten   miles  of 

Exeter.     One   of  the  most  productive  of  the  Tamar  mines  was, 

some  years  since,  flooded  by  the  waters  of   that  river  breaking 

into  the  workings.     A  considerable  amount  of  lead  ore  has  also 

been  raised  at  Christow. 

The  production  of  the  lead  mines  of  Devonshire  has  for  many 
years  been  gradually  declining,  the  total  amount  of  lead  ore  pro- 
duced in  the  county  in  1881  being  oidy  ten  tons.  From  1851  to 
the  end  of  1863,  a  period  of  twelve  years,  the  Tamar  Silver  Lead 
Mine  yielded  7,910  tons  of  lead  ore,  containing  332,204  oz.  of 
Bilver.  The  Frank  Mills  Mine  from  1857  to  the  end  of  1880, 
•when  the  last  sale  of  ore  was  made,  a  period  of  twenty-three  years, 
produced  14,511  tons  of  lead  ore.  containing  247,151  oz.  of  silver. 

Statistics  rdating  to  the  production  of  Tin,  Copper,  mid  Lead  Ores 
in  Devimshire. — For  many  years  past  nearly  the  whole  of  the  tin 
proiluced  in  the  United  Kingdom  has  been  obtained  from  the 
mines  of  Cornwall,  and  during  1881  only  15  tons  8  cwts,  1  qr.  24 
lbs.  of  black  tin  were  raised  from  those  of  Devonshire.  If,  liowever, 
we  make  due  allowance  for  tin  ore  obtained  from  Btreams,  rivers, 
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and  foreshores,  and  add  this  to  the  above  amount,  the  total  yie 
of  Devon  can  scarcely  have  reached,  for  that  year,  75  tons,  whi 
during  the  same  period  the  production  of  Cornwall  may  be  takt 
at  12,788  tons. 

Devonshire  is  said  to  have  formerly  produced  a  larger  amou 
of  tin  ore  than  Cornwall ;  but  if,  from  the  production  of  the  U 
counties  together  as  given  in  the  following  table,  we  deduct  ea 
year  the  production  of  the  latter  county  alone,  as  given  in  the  tab 
page  146,  we  find  that,  for  a  period  of  nearly  thirty  years,  the  yie 
of  black  tin  in  Devonshire  has  been  comparatively  insignificant. 


Tis  Ore  akd  Tix  prodcckd  ik  CJorxwall  ajtd  Detox  from  1848  to  188] 


Year. 

Tin  ore. 

HcUnic  tin. 

Valoe  of  tin  ore 
per  ton. 

.  Vahie  or  uelallie 
tinpcrtoo. 

Tons. 

Ton.«. 

£    *. 

//. 

£ 

«. 

d. 

1S4S 

10,176 

6,613 

— 

79 

10 

0 

1849 

10,719 

6.952 

— 

78  IS 

0 

1850 

10,383 

6,729 

— 

81 

0 

0 

1851 

9,455 

6,140 

— 

86  15 

0 

1852 

9,674 

6,287 

— 

92 

2 

0 

1853 

8,866 

5,763 

68    0 

0 

120 

0 

0 

1854 

8,747 

5,947 

64    0 

0 

120 

0 

0 

1855 

8,947 

6.000 

68     0 

0 

120 

0 

0 

1S.=V6 

9,350 

6,177 

83     0 

0 

134 

0 

0 

1857 

9,753 

6,552 

76     0 

0 

130 

0 

0 

185S 

9.960 

6.491 

76     0 

0 

136 

0 

V 

1S.'»9 

10,150 

6.497 

74  15 

0 

132 

10 

0 

18(50 

10,4'>0 

«,r5<5 

71  11 

€ 

134 

0 

0 

Urn 

10,953 

7,014 

62     6 

8 

136 

0 

0 

1>«2 

11.541 

7.575 

59  14 

© 

il« 

0 

0 

1S«3 

14.224 

9.104 

«3  12 

0 

117 

0 

0 

18^4 

13.954 

9.295 

6<'  17 

6 

107 

1 

0 

:865 

14.122 

9.035 

55     6 

0 

96 

15 

0 

1S66 

13.755 

8. 522 

48  10 

9 

SS 

12 

6 

18tS7 

ll.-:«5 

7.»6 

50  IS 

0 

91 

17 

3 

18$S 

11.554 

7.7'^3 

55     4 

<> 

98 

0 

0 

!>«> 

13,553 

9,^=i6 

«9  16 

0 

123 

s 

0 

1870» 

15.234 

i  X2<'.' 

75    S 

0 

-.27 

8 

6 

1*71 

:«.5j-5 

11.32<> 

75  12 

<' 

137 

10 

0 

1572 

12.299 

5.241 

57     7 

0 

152 

15 

0 

i57S 

74.537 

Iv.O.-M! 

75     1 

•'l 

ISS 

« 

0 

1574 

14.715 

9.724 

.'^     3 

*? 

!05 

8 

«• 

1575 

14.<X'4 

<-.n4 

?i  11 

<. 

K» 

2 

0 

:5"5 

r^f**- 

7,5.'-=- 

♦f  75 

<' 

79 

10 

0 

1577 

i*.^*: 

9.42.'- 

♦•:•  le- 

<■ 

73 

3 

6 

1575 

:5.;;4 

:,-i.:55 

ss    5 

•-. 

65  13 

3 

*i5rs- 

:4,25- 

S.252 

<■'■ 

72 

6 

0 

■.55,'i 

:?^f;7f 

J.f.Ni 

iP     ■' 

.■ 

91 

5 

0 

:55i 

:i.5>-5 

8.f:j 

I«     »■ 

(• 

97 

» 

3 
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^QBT  AND  VaLTTS  OF  COPPKB  OBB  OBTAINED  FROM  MiNBS  IN  DETONSHIBE 
FBOM   1856  TO  1881. 


tfl. 

On. 

Value. 

Remarks. 

Tons. 

£ 

1S56 

42,024 

215,644 

1857 

37,800 

222,416 

1858 

36,332 

194,183 

1859 

36,416 

188,737 

1860 

35,283 

186,081 

1861 

35,796 

187,188 

1862 

40,095 

196,012" 

1863 
1864 
1865 

40,742 
37,978 
38,156 

16ti,'J08 
194,197 
184,776 

Prodnction    of  copper   ore 
for  ten  years  to  end  of 

1866 

84,471 

151,481 

1867 

31,163 

143,89B 

1868 
1869 

80,640 
32,723 

128,748 
8^,05*5 

335,072        ^1,437,881 

1870 

24,752 

84,096 

1871 

24,352 

79,409, 

1872 

23,630 

88,6681 

1873 

14,810 

48,200 

1874 

12,826 

52,740 

Prodnction   of  copper   ore 

1875 

14,097 

80,398 

for  ten  years  to  end  of 

1876 

16,276 

58,210 

1881— 

1877 

16,980 

60,484 

1878 

12,648 

26,675 

Tons.                  Value. 

1879 

12,736 

30,616 

156,211           £523,975 

1880 

15,076 

42,639 

1881 

17,132 

89,509 

-A.ccording  to  statistics  prepared  by  Her  Majesty's  Inspectors 
<*f  Moines,  and  published  since  the  foregoing  tables  have  been  in 
*ype,  the  production  of  tin  and  copper  ores  from  the  mines  of 
^-'ornwall  and  Devonshire  during  the  year  1882  was  as  follows : — ^ 


Description  of  Ore. 

OOBSWAU. 

Devoksihiue. 

Welgbt. 

Value. 

Weight. 

Value. 

Black' tin 
Copper  ore 

Tons.      Cwts. 
12,189         5 
25,641         1 

£ 
723,774 
114,688 

Tims.      Cwts. 
50         8 
19,201         0 

£ 

2,652 

66,133 

The  table  on  the  following  page  gives  the  production  of  lead  ore 
in  Devonshire  for  thirty  years,  and  shows  the  gradual  falling  off 
"w^lklch  has  taken  place  in  the  yield  of  the  lead   mines  of  this 
coi\iiity. 


*  Mineral  tlatisliei  of  the  United  Kingdom  of  OrecU  Britain  and  Ireland  for  the 
1882. 
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Weight  of  Lrad  Orbs  obtained  from  ths  Mines  of  Devonshiiik  fsox  1862 
TO  1881,  WITS  TBB  Amounts  of  Lead  and  Silver  resfectivelt  contained 

IN  THF-Sf. 


Tw. 

Lead  on. 

Lead. 

Sitver, 

Tons. 

Tons. 

On, 

18&3 

2.S77 

1,917 

Dl,340-| 

1858 

3,0U 

1,798 

106,236 

18fti 

4,139 

2,612 

119,288 

rTudnctioTi  for  ten 

jetuB  to  end 

1855 

4,035 

2,292 

89,003 

of  1861— 

1856 

3,138 

2,000 

77,456 

18S7 

2,690 

i.es5 

50,262  ■ 

Lead  lite.         Lud. 

Slv«r. 

1858 

2,779 

1.685 

53,S66 

Tods.            Tonii. 

Ok 

1859 

8.172 

2.690 

66,87fi 

31,624         19,760 

762,877 

1860 

3,018 

2.030 

63,  OSS 

1861 

2,762 

1,791 

46,187  J 

1S63 

2,07e 

1.376 

SB,266- 

1863 

1,B78 

1,080 

20,357 

1864 
1S65 

1,856 
1,847 

1,093 
1,147 

21,480 
33,866 

ProdttetioTi  for  ten 
of  187] 

ycATs  to  end 

ISSfl 

723 

471 

13,017  , 

1867 

soa 

626 

18,718  ( 

Lvni  are.         Lewi. 

SElrcr. 

1868 

1,522 

1,141 

3fl,86S 

Tons,              Tnji«- 

Ot. 

1869 

1,080 

677 

27,451 

13,468          8,9»7 

247,530 

1870 

1,235 

829 

24,70fl 

1871 

S40 

667 

13,806  J 

1872 

746 

622 

10,3S2>, 

1878 

676 

472 

6,610 

1874 
1875 

461 
S35 

311 
242 

7,809 
4,542 

Prodnctioii  for  ten 

years  to  Bud 

Ig/fi 

437 

327 

5,890 

of  1881— 

1877 
1878 

537 
234 

252 
169 

4,S4S  f 
3,286 

Le«d  nre.         Lead. 
Tanit,             Tour. 

BtlTW. 

Ox. 

1870 
ISRO 

120 
SI 

07 
23 

1.81S 

226 

3,386          2,423 

4S,S7S 

1881 

10 

8 

60. J 

Somersetshire. — Lead  and  zinc  ores  were  formerly  obtained 
from  the  Carboniferous  Limestones  of  Somersetshire,  but  at  the 
present  time  no  mines  for  these  metals  are  being  worked  in  that 
county.  A  small  quantity  of  lead  is,  however,  still  annually 
obtained  in  the  Mendip  Hills  from  the  treatment  of  ancient  slags 
and  slimes,  some  of  which  are  believed  to  be  residues  resulting 
from  Roman  workings. 

Many  important  mines  of  spathose  iron  ore  occur  in  the  Brendon 
Hills  in  this  county,  and  have  for  many  years  been  worked  by 
the  Ebbw  Vale  Iron  Company,  who  employ  the  ores  obtained 
from  them  for  the  manufacture  of  spiegeleisen.  Although  this 
ore  is  of  common  occurrence  in  many  parts  of  the  Continent,  it 
is  in  this  country  only  found  in  considerable  quantities  in  the 
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following  localities,  namely,  in  Weardale  in  Durham,  where, 
ciated  with  lead  and  zinc  ores,  it  forms  veins  in  the  Carboniferous 
Limestone,  at  Perran  in  Cornwall,  at  Exmoor  in  Devon,  and 
in  tho  Brendon  HiUs  in  Soinersotshire,  whore  it  forms  a  chain 
of  irregular  lodes  in  slaty  rocks  of  Middle  Devonian  age.  The 
system  of  veins  extends  over  a  distance  somewhat  exceeding  five 
miles,  and  their  maximum  aggregate  thickness  is  ahout  twenty- 
seven  feet.  The  ore  usually  contains  from  13  to  14  per  cent, 
of  protoxide  of  manganese,  and  yields  spiegeleisen  of  good  quality, 
containing  about  20  per  cent,  of  manganese. 

The  range  known  as  the  Brendon  Hills  runs  nearly  E.  and 
W".,  and  is  about  six  miles  south  of  that  portion  of  the  Bristol 
Chaimel  lying  between  Watchet  and  Minehead.  On  their  northern 
side  they  rise  somewhat  abruptly,  but  in  the  opposite  direction 
their  slope  is  much  more  gradual.  At  their  highest  point  they  reach 
an  elevation  of  1,330  feet  above  the  sea-level,  and  the  slates,  which 
near  the  surface  are  grey  in  colour,  acquire  a  bluish-green  tint  iu 
depth,  and  usually  dip  towards  the  south-east.  At  Treborough, 
two  miles  north  of  the  highest  point  of  the  range,  these  slates  have 
been  extensively  quarried  for  roofing  purposes.  Attention  was,  in 
modem  times,  first  directed  to  this  locality  by  evidences  of  exten- 
sive ancient  workings,  with  regard  to  the  age  of  some  of  wliidi 
there  is  no  conclusive  evidence;  a  coin  of  Domitian  wa.s,  however, 
found  in  one  of  the  old  workings  at  Kennesome  Hilt,  and  Roman 
coins  have  been  found  in  the  ^^cinity  of  the  old  workings  in  the 
Brendon  range.  A  wooden  shove!  and  a  turf  dara  were  also  found, 
in  18G5,  at  the  bottom  of  one  of  the  ancient  workings  at  a  depth 
of  100  feet  Ixdow  the  surface ;  this  dam  was  apparently  the  hist 
of  a  series  extending  from  the  top  to  the  bottom,  and  by  means  of 
which  the  water  was  removed  by  dipping  from  one  to  another.^ 

Tbe  direction  of  the  veins  is  usually  N.  of  E.,  but  their  dip 
is  variable.  In  addition  to  iron  ores  the  lodes  contain  quartz, 
and  occasionally  frauToenta  of  tho  country  rock.  The  quartz,  wliich 
most  frequently  occupies  the  north  side  of  the  lodes,  is  not  much 
intermixed  with  the  ores,  but  more  frequently  assumes  the  form  of 
distinct  lenticular  masses.  Near  the  siirfsice  the  carbonate  of  iron 
has  everywhere  been  converted  into  brown  bamiatite  by  tlie 
action  of  water  and  atmospheric  air.  The  annual  production  of 
these  mines  amounts  to  about  27,500  tons. 

The  Forest  of  Dean. — The  district  known  as  the  "  Forest  of 


*  Morgun   Morgana,    ''  The    Brendon   Hills   Spathoso   Iron  Otm  and  Mines,' 
iJ'reeeedinyt  of  South  IVakt  Jnstilute  of  En^interB,  toI.  vi,  p.  78. 
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Dean"  is  situated  within  that  part  of  Qloucesteishire  which  is 
bounded  by  the  rivers  Severn  and  Wye.  This  was  probably  one 
of  the  first  seat«  of  the  iron  trade  in  Great  Britain,  and  its  history 
is  consequently  of  exceptional  interest.  In  the  reign  of  Henry  the 
Second  the  Forest  comprised  the  whole  of  the  land  Ijring  vrithin  the 
above  boundaries,  but  by  successive  reductions  it  has  now  become 
curtailed  to  the  central  district,  occupying  the  area  lying  between 
Little  Dean  and  Christ  Church  on  the  east  and  west^  and  Eccleswall 
and  Bream  on  the  north  and  south. 

The  strata  of  this  district  assume  the  form  of  a  basin  of  which 
the  greatest  depression  b  near  the  centre ;  its  longer  axis  extends 
for  about  eleven  miles  from  N.  to  S.,  while  the  transverse  axis  in 
its  widest  part  ranges  about  seven  miles  firom  E.  to  W.  The 
central  portion  of  this  area  consists  of  Coal-measnres,  which  are 
surroundevl  by  a  belt  of  Carboniferous  Limestone,  which  is  itself 
bordered  by  Old  Red  Sandstone. 

That  the  Romans  carried  on  the  mana£aMrture  of  iron  on  a 
larv^?  scale,  and  for  a  lengthened  period,  in  the  Forest  of  Dean  is 
su^oiently  proved  by  coins  and  other  relics  of  that  people,  which 
have  been  found  under  heaps  of  slags,  which  were  once  so  abundant 
as  to  fv^rm  an  imfH>nant  proponion  of  the  material  supplied  to  the 
Ivval  irv>n  ftimaoe*.  The  earliest  historical  reor-rds  respecting  this 
oi?:r:v-t  are  oliivrly  ideE.ti£evi  with  fts  £n>n  u^e ;  foe  a}ih*>agfa  the 
|v\cv#  of  :r.^  D.-moiv'ay  B«>:k  s-pply  no  c-rfruto  iiif>rmarion  relative 
:..^  this  :r.iu>:TT.  :b.ey  nvvcrrr-rlrss  iir.:--rtly  illuie  t.>  the  prc»iucti'>n 
::  ir.-r.  ::i  *r.t"  ;n:r-r«.ii:»;e  ::r-i^r.t>:cTT:  :>:vL  I-  is  -L-ere^  ssateri.  lv>wever. 
tr.i:  :;.:5>  K-Irs  xr.i  bar?  r^;-ir\;i£  bj  zi.-z  siij-bni'i-ess  c-f  the  Ri:»yal 
N?.rT  were  cVtiir-t'-i  rr.r;  :i.'r  ::*j  ■::'  G!:-:i5?:.^r.  ac-i  ihere  can  be 
1:::^'  -:.".:r:  :>_«  :h~  ir:z  Tis  rr>~->r-i  ir.  •*.■*  F:r=«  of  £>eAn. 
Iv.  :r.t-  viAT  11+/  :b.v  AVrty  :t  P.w'-rj  -Fi?  f: ■--■>»•£  by  R.Tger, 
el-.i;*:  icz  r:  :r.-x  Ejci ::  HTrrr.ri  rj  Tbrci ::  wlj  r*rsilly-r3i:«we.i, 
i-vi  by  ■■■;,•:—  i;  -»•*?  r-vn-i-i  :  *■;  -  A:c«rT  ;c  >i  Mirj  •>=■  Drse.  ~  ::s 
sir*  S:::^  »t  tl^s*  ti^-;-  --r?-'I--.i-r«.i  vt:1::i  •il.r  jr^.TZi.'^  :€'hr  F-r-resi. 
Tt.";  !:;«:-":::(::  ::  iIt"  ab"ScT  -e-is  ■»— - — ►=«-  ^t  H^ctt  II_  wb-> 
f::r:^j;-  tr.r::c>:<i  -.i   rv  c'Tiii^Tc  "•.■  •:!i«f  nict?  pr-misarc.  t:  fe«»i 

•b-nfir  ."inl-;    JtT'.i  b.'C?  ■--  *i"T   F.ir:<G  ".   — ■--;! r*!-?^ -r--~— T.rig  -rrf-   ns 

*»-■:   ::::.'.■'""£;*  .c  yj»i<;j  ivctir?  *.:  ;ii~^   rif-in.  -j::r>f«£  :a.  ir  ajn-r^ss 

i2.y    Tl»n    ;C    ^a*;     F.T««    .-Si^bu:     .t'    ~r— r-W*  ->.^    ti^     Ti'l'CSSSf    CCi 

iii   :iiir,r\C  isjI  ■•-jiiCf  t,  m.TiTiig  «G^>lut  ijcrccei  iha  vcwet 


.Til] 


ENGLAND. 


\SY 


mineral  district  of  the  Forest  of  Deau  ia  remarkable  for  the 
ularity  of  its  strata,  since  each  bed  exhibits  a  continuous  line  of 
I  around  the  whole  edge  of  the  basin,  with  a  uniformity  with- 
gtexample  in  any  other  locality  in  this  country.  The  Coal-measures 
:  naturally  divided  into  three  series,  of  which  the  middle  affords 
(Jie  greater  portion  of  the  large  supply  of  coal  now  furnished  by  the 
district.  The  strata  between  the  upper  and  middle  series  consist  al- 
most exclusively  of  argillaceous  shales,  with,  here  and  there,  thin  beds 
of  sandstone.  Below  the  middle  coal-searas  the  measures  undergo  a 
dediled  change,  and  instead  of  the  shales  before  referred  to,  a  hard 
sandstone  prevails,  and  continues,  with  but  little  variation,  down  to 
the  Coleford  High  Delf  eeam,  which  is  one  of  the  lowest  belonging 

(tbe  lower  coal  series. 
Tlie  Farewell  Rock  or  Millstone  Grit,  which  underlies  the  Coal- 
iasores  througliout  the  Forest  of  Dean,  contains,  in   its  lowest 
1,  a  dep<.<sit  of  iron  ore  which,  to  a  small  extent,  is  worked  on 
its  eastern  outcrop;  but  the  extensive  deposits  of  ore,  which  from  ' 
Hbe  earliest  times  have  supplied  the  iron  of  Dean  Forest,  occur 
^m  largo  pockets  or   cJmms  in  the  upper  beds  of  the    Carboni-  _ 
ferous   Limestone.     Such  churns  often   contain  several  thousand  I 

Ks  of  brown  haematite,  which  is  for  the  most  part  soft  aud 
ily  worked,  but  wliich,  nevertheless,  varies  considerably  in 
lUty. 

Tlie  Bliick  Brush  ore  sometimes  contains  as  much  as  00  per 
,  of  peroxitle  of  iron,  but   the   poorer   varieties,   being  con- 
ted  by  an  admixture  of  clay  and  carbonate  of  lime,  are  pro- 
Eionately  less  rich   in  iron.     The  most  important  workings  in 
I  limestone  of  this  district  are  those  situated  on  its  eastern  out- 
where  cavities  in  the  almost  perpendicular  beds  are  filled 
th    deposits    of  rich   ores   in    enormous   quantities.      On    the 

Bstem  side  of  the  field,  where  the  strata  are  less  inclined  than 

(iiose  on  the  other  side,  iron  mining  has  long  been  extensively  car-  ■ 

rl  on.     All  the  most  successful  mines,  however,  are  found  to  lie 
the  dip  of  the  excavations  made  by  the  ancient  miners,  who 
"^  frequently  penetrated  to  greater  depths  than  could  have  been  ■ 
^Xpected  when  we  consider  the  means  at  their  disposal 

In  accordance  with  the  general  practice  among  ancient  crafts- 
K^,  the  miners  of  Dean  Forest  were  associated  in  a  guild  or  trade 
^■porntion,  and  their  prescriptive  rights  and  privileges  were 
^P&rdfd  with  extreme  jealousy  and  care.  For  admission  into  this 
^ild  it  was  necessary  that  a  man  should  have  been  bom  in  the 
hundred  of  St.  Briavels,  and  should  have  worked  for  a  year  aud 
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a  day  in  either  a  coal  or  irou  mine ;  he  was  then  entitled  to  be 
admitted  a  Free  Miner  of  the  Forest  of  Dean. 

The  original  laws  of  the  Order  of  Free  Miners  as  to  modes  of 
working  aud  the  extent  of  area  allowed  to  each  workman,  were 
only  applicable  to  very  shallow  workings.  Consequently,  in  pro- 
portion as  the  demand  for  ore  and  coal  increased  and  more  expen- 
sive appliances  for  obtatnitig  them  from  greater  depths  became 
necessary,  the  niles  of  the  ancient  code  had,  from  time  to  time, 
to  be  relaxed  in  such  a  way  as  to  afford  opportunities  for  more 
extensive  workings  and  the  employment  of  larger  capitals. 
This,  however,  resulted  in  endless  disputes,  until,  under  the 
Dean  Forest  Mining  Act,  commissioners  were  appointed  to  assign 
boundaries  to  the  various  niineral  tracts,  and  to  arrange  the 
difficulties  which  the  old  Forest  laws  had  been  found  inadequai 
to  meet.  The  various  collieries  and  iron  mines  of  this  distrii 
arc  now  held  under  awards  of  these  commissioners  made  in  the 
year  1841.  The  present  annual  production  of  iron  ore  in  thi 
Forest  of  Dean  is  approximately  79,000  tons.'- 

Iron  Ores  of  the  Carboniferous  Limestone — Nortme 
Counties. — The  principal  mass  of  the  iron-producing  Cai-bonifero 
Limestone  of  the  northern  and  north  midland  counties  of  England 
emerges  from  beneath  the  Coal-measures  of  the  counties  of  Durham 
and  Northumberland  in  the  east,  and  is  bounded  by  a  steep  ridge 
overlooking  the  Vale  of  Eden  on  the  west.  It  reaches  its  highest 
lioint  in  the  mountainous  range  of  Cross  Fell,  and  forms  a  tract  of 
moorland  country  which,  in  the  neighbourhood  of  Alston,  extends 
for  a  width  of  twenty- five  miles,  while  in  the  elevated  region  a<i^| 
joining  the  Scottish  border  it  stretches  almost  completely  across  th^^ 
island.'  After  an  interval  of  a  few  miles  the  same  formation  again 
rises  towards  the  west,  from  beneath  the  New  Red  Sandstone  of 
Penrith,  and  the  Coal-measures  of  Workington  and  WTiitehaven, 
and  forms  a  comparatively  narrow  belt  around  the  older  slaty  rocks 
of  the  lake  district.  The  structure  of  the  high  land,  on  which  are 
situated  the  towns  of  Alston,  Hexham,  and  Haltwhistle,  dififers 
materially  from  that  of  the  contemporaneous  formations  occurring, 
both  in  England  and  Wales,  further  south,  whicli,  for  a  great  thick- 
ness, consist  principally  of  almost  uninterrupted  beds  of  limestone. 
In  the  north,  on  the  contrary,  the  actual  limestone  plays  a  com- 

'  For inforiHotion  relative  to  this  district  eonsnU  "The  Forcit  of  De*n," 
a  n.  Uicholls,  1858  ;  also  Arnold  Thomas,  "  The  Forest  of  Dean,"   Pro<»edlngt 
IFalfj  InM.  of  £niiineers,  vol.  vi.  1S70,  p.  200. 

>  W.  W.  Smyth,  "  The  Irou  Ores  of  Greut  Britain/'  Memoirs  of  the  0> 
Survey,  1856,  part  i.  p.  15.  ^ 
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I  paratively  subordinate  part,  and  alternates  with  strata  of  sandstone 
and  shale,  locally  known  as  hazlc  and  plate.     In  some  of  these  bands 

shale  are  found  nodules  of  clay  ironstone,  of  which  the  aggrcga- 
tion  and  mode  of  occurrence  exactly  resemble  those  of  similar  ores 

the  Coal-measures. 

The  majority  of  the  mineral  veins  of  the  vicinity  of  Alston, 
rhich  produce  the  lead  ore  for  which  that  district  is  celebrated, 
inge  nearly  east  and  west,  and  intersect  the  whole  of  the  strata 
jlonging  to  the  Carboniferous  Limestone ;  they  are,  however,  much 
lore  productive  in  certain  of  the  beds  than  in  others.  Some  of 
»ese  lead  veins  in  portions  of  their  course,  instead  of  being  com- 
of  the  usual  veinstones  accompanying  lead  ore,  such  as  cal- 

S,  fluor  spar,  &c.,  are  filled  with  brown  iron  ore.     The  rich  lode 

Rodderup  Fell,  known  as  the  Craig  Green  or  Bracken  Syko 

Tein,  in  the  "Scar  Limestone,"  belongs  to  this  class,  and  varies  from 

Lteen  to  twenty  feet   in  width.      Geitain  of   the  lodes  in  the 
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cinity  of  Alston,  producing  ore  of  this  kind,  have  been  extensively 
ught.  Among  others  the  Manor  House  Vein,  near  the  i-ailway 
tion,  has  yielded  large  quantities  of  brown  iron  ore  of  good 
quality.  This  vein  is  about  twelve  feet  in  width,  and  its  protluc- 
tiveness  is  increased  by  tlie  occurrence  of  flats,  which,  at  distances 
of  a  few  feet  apart,  penetrate  between  the  bedding  of  the  limestone 
which  constitutes  the  country  rock.  Fig.  47  is  a  dif^ranimatic 
sketch,  given  by  Smyth,  representing  a  section  of  this  lode. 
On  the  northern  shoulder  of  Cross  Fell,  and  in  Weardale,  outcrops 
of  similar  iron  veins  occasionally  present  themselves. 

In  the  eastern  part  of  this  region  spathose  iron  ores  make 

eir  appearance  abundantly  in  the   lead  veins,  and   form   the 

einstone  accompanying  galena,  for  which  the  mines  are  principally 

rought.     At  the  mines  of  Allenheads  spathose  ore  occurs  both  in 

regular  veins  and  in  flats,  while  at  Stanhope  Bum  the  veins  are  so 

ibarged  with  this  mineral  that  at  a  spot  where  several  of  them 
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occur  in  close  proximity  to  one  another,  and  which  is  further 
euriched  by  the  interlacing  of  numerous  strings,  the  whole  sur- 
face has  been  removed  by  the  Weardale  Iron  Company,  and  the 
rock  taken  away  by  quarrying,  a  considerable  amount  of  lead  ore 
being  separated  during  the  operation.  In  many  placos  in  this 
district  brown  peroxide  of  iron  is  frequently  mingled,  especially 
near  the  surface,  with  spathose  ore,  from  which  it  has  doubtless 
been  derived. 

The  red  hjeniatite  from  the  vicinity  of  ^rVHiitehaven  in  Cum- 
berland, and  of  Furness  in  Lancashire,  is  obtained  either  from 
Carboniferous  rocks  or  from  those  of  Silurian  age.  Practically, 
however,  it  is  almost  entirely  derived  from  the  former,  since  the 
deposits  in  the  Silurian  rocks  are  of  extremely  limited  extent. 
The  Carboniferous  Limestone  series,  in  which  the  principal  deposits 
occur  in  both  districts,  consists  mainly,  as  before  stated,  of 
alternations  of  limestones  with  shales  and  sandstones 

The  sandstones  and  shales  are  generally  very  thin,  often  not 
more  than  two  or  three  feet,  and  seldom  exceeding  twelve  feet,  in 
thickness.  On  the  other  hand,  the  limestone  occurs  in  cnonnous 
beds,  sometimes  exceeding  300  feet  in  thickness,  and  it  is  in  these 
thick  masses  of  Mountain  Limestone  that  the  hiematite  is  principally 
found.  The  ore  fills  fissures  and  lake-like  basins  in  this  rock  some- 
times immediately  below  the  drift,  while  at  others  it  presents  itself 
in  an  irregular  form  deep  down  in  the  Carboniferous  Limestone.  It 
is  found  in  almost  every  bed,  from  the  lowest,  resting  on  the  Silurian, 
to  the  highest,  forming  the  base  of  the  Grits  and  Yoredale  rocks,  at 
Whitehaven  and  Furness  respectively.  It  is  evident,  therefore,  that 
there  is  a  wide  difference  in  the  geological  horizon  of  the  various 
deposits.  In  consequence,  however,  of  the  inclination  of  the  lime- 
stone and  the  extent  to  which  it  has  been  denuded,  this  difference's 
of  geological  horizon  does  not  always  affect  the  actual  level  of  tlieS 
deposits,  and  many  of  them  occurring  in  the  lower  beds  are  found 
much  nearer  the  sxirface  than  those  in  the  higher  ones. 

At  Whitehaven,  some  of  the  finest  deposits  of  iron  ore  occur 
in  the  upper  beds  of  limestone,  that  is,  in  those  lying  immediately 
below  the  Grits.  At  Bigrigg,  Crowgarth.  and  Parkside,  the  ore  ia 
found  in  large,  irregular  masses  in  the  limestone  immediately 
under  the  Millstone  Grit,  one  of  the  beds  of  which  forms  in  each 
case  the  roof  of  the  deposit.  In  section  these  deposits  present  in 
many  respects  the  appearance  of  a  bed,  since  they  follow  the  dip  of 
the  rocks  in  which  they  lie,  and  usually  preserve  a  tolerably  unifonn 
thickness,  which  in  different  deposits  varies  from  four  to  above 
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forty  feet.  The  roof  of  sandstoDe,  and  the  floor  of  limestone  are, 
in  some  cases,  parallel  for  very  considerable  distances ;  at  Parkside, 
for  instance,  the  roof  and  floor  remain  parallel  for  a  distance  of 
nearly  200  yards.  Fig.  48,  from  a  sketch  by  Mr.  J.  D.  Kendall, 
represents  a  vertical  section  of  that  deposit  taken  along  its  lino 
of  dip.* 

This  affonis  a  striking  example  of  the  way  in  which  such 
deposits  sometimes  vary  in  thickness.  To  tlie  loft  of  a  the  depth 
of  the  ore  is  not  less  than  sixty-five  feet,  wliile  at  b,  only  a 
short  distance  from  it,  it  does  not  e.xceed  four  feet.  These  vari- 
ations in  thickness  are  always  due  to  irregularities  in  the  limestone 
floor,  as  the  roof  invariably  forms  a  regular  even  plane  having  the 
same  general  dip  as  the  strata  surrounding  the  ore.  These  vari- 
ations in   thickness   usually  take   place   iu  the   direction  of  the 
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strike  of  the  stratii.  But  few  of  the  deposits  occurring  immedi- 
ately under  the  Grits  are  found  to  be  at  any  great  distance  from 
tho  upper  edge  of  those  rocks,  and  iu  many  cases  the  ore  comes 
from  beneath  them  up  to  the  bottom  of  the  drift,  as  shown 
at  r.  Since,  however,  the  inclination  is  somewhat  great,  the 
deposit,  as  it  extends  towards  the  dip,  rapidly  becomes  covered 
by  a  considerable  thickness  of  rock.  The  superficial  extent  of 
these  deposits  is  sometimes  very  large,  that  at  Parkside  having  an 
area  of  eighteen  acres,  while  numerous  others  vary  in  size  from 
two  to  ten  acres. 

In  Furncss  one  deposit  only  has,  as  yet,  been  discovered  in  the 
highest  bod  of  limestone  lying  immeiliately  beneath  the  Yoredale 

'  "The  HicmAtito  Depooiti  of  WliitehaTen  And  Faniew,"    Tmnt.  iianehaln 
tkot.  Snc,  vol,  xiiL  1876,  p.  231, 
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rocks.    This  deposit  is  at  Stank,  and  was  discovered  in  searching 
for  coal. 

The  deposits  in  the  intermediate  beds  are  many  and  variooA 
Some  of  thera,  and  especially  those  in  Fumess,  lie  immediately 
below  the  drift  in  basins  hollowed  in  the  limestone  similar  to 
those  which  occur  in  the  lower  beds.  Others,  and  particularly  at 
Whitehaven,  are  at  considerable  depths  in  the  limestone  enclosed 
in  irregular  caverns,  which  are  sometimes  at  a  deptb  of  35 
fathoms  from  the  surface,  and  are  surrounded  by  limestone  on  all 
sides.  A  good  example  of  a  lake- like  deposit  is  seen.  Fig.  49, 
at  the  open  cutting  of  the  Grossfield  Iron  Company.  In  Fumess 
there  are  a  great  number  of  shallow  l»sin-like  deposits,  all  those 
in  that  district,  with  but  few  exceptions,  belonging  to  this  class. 

The  deposits  in  the  lower  beds  of  limestone  resting  upon  the 
Silurian  rocks  are  among  the  6nest  which  have  been  found  in  the 
Furness  district.    Amongst  these  may  be  mentioned  those  of  Park 


Ttc.  *i. — Open  works ;  CtoaiAtM  Iran  Ccctjaaj. 

and  Lindal  Moor,  the  first  of  which  extends  over  an  area  of  fifteen 
acres,  and  at  one  point  has  been  proved  to  a  depth  exceeding  300 
feet  The  deposit  at  Lindal  Moor  is  000  yards  in  length  and 
about  twenty-thiee  yarvls  wide.  One  or  two  very  fine  deposits 
of  hsematite  occur  in  the  lower  limestone  be»is  at  Whitehaven,  such 
as  those  at  Todholes  and  Woodend.  The  lower  deposits  nsnallv 
occur  in  dishes  or  hollows  in  the  limestone  immediately  below  the 
drift,  and  in  close  promixity  to  iv>cks  of  Silurian  age.  Sometimes 
they  even  rest  upon  Carbonifeioos  Limestone  on  one  side  and  upon 
Silurian  rocks  on  the  other,  as  shown  in  Fig.  -50.  Both  the  Park 
and  Lindal  Moor  deposits  rest  pardy  on  Silurian  rocks,  as  do  also 
those  of  Tixihole?  and  Wvvoleni  At  Martia.  in  Fumess.  there  is  a 
dejvTsit  of  this  das?  »-hioh.  on  account  of  the  peculiar  circumstances 
UQvier  which  it  >.wurs^  is  worked  like  an  open  quarry.  When  first 
discovered  the  ore  wss  covered  by  ab-Hit  thirty  feet  of  diifl.  which 
has  siiKV  been  leniovixl.  thxis  affording  an  oppottnniry  ai  thoroughly 
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'eniuiuing  its  form  and  character.  It  lies  on  the  limestone,  by 
wliich  on  all  sides,  except  one,  it  is  surrounded.  Where  the  lime- 
rtooe  is  absent  the  ore  rests  upon  the  underlying  slate,  which 
liieg  at  a  high  angle  from  below  that  rock.  The  length  of  this 
deposit  is  abuut  260  feet,  and  its  width  200  feet,  while  the  greatest 
Jepth  to  which  it  has  yet  been  proved  is  somewhat  over  fifty  feet. 
Wherever  these  depcjsits  occur,  whether  just  beluw  the  Grit,  in 
middle  of  the  series,  or  down  upon  the  Silurian  slates,  their 
Dger  axis  almost  invariably  coincides  with  the  direction  of  the 
fincipal  joints  of  the  limestone  rock. 
Al  Whitehaven  the  hsematite  is  usually  of  a  dull  reil  colour, 
I  occurs  in  hard  compact  masses  containing  numerous  irregular 
ftvities,  which  are  frequently  lined  with  a  botryoidal  concretion 


I  Fm.  M.— Iron  ore  ilrpnadt  OD  CarbonUemiiii  Limfstonc  and  BllitrUn  Slate. 

L  generally  known  as  kidney  ore,  on  which  a  coating  of  specular  iron 
^■orc, quartz,  and  calcite  is  sometimes  formed.  In  Fume-ss  the  ore,  with 
^^the  exception  of  that  worked  at  Lindal  Moor,  Stank,  and  Asknm, 
'liffcrs  materially  from  that  at  Whitehaven.  Instead  of  the  hanl 
S"li(l  masses  met  with  in  that  district,  the  Furncss  ore  consists,  to 
ft  large  extent,  of  a  loose  incoherent  material  composed  of  delicate 
filmy  scales  of  micaceous  iron,  soiling  the  fingers  when  touched, 
ami  enclosing  fragments  of  more  compact  ore,  many  of  which 
•iiivp  a  concretionary  structure.  The  harder  bsematite,  locally 
knotcn  as  hhst  ore,  is  entirely  employed  for  smelting  purposes, 
fliilo  the  softer  variety,  sometimes  known  as  smiify  ore,  is  much 
ii«al  for  the  purpose  of  forming  the  botti)m8  of  pudilling  furnaces. 
Some  of  the  banler  ores  of  the  Fumess  district  exhibit  very  distinct 
Wnination,  and  concrelionory  nodules  of  hsematite  are  met  with 
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which,  on  being  broken,  tu-e  found  to  contain  a  nucleus  of  limestone. 
No  fossils  have  ever  been  found  in  the  soft  crystalline  ore  of 
Furness,  but  large  numbers,  all  belonging  to  the  Mountain  Lime- 
stone series,  occur  in  the  more  solid  ores  of  Liudal  Moor.  It  would 
appear  probable  that  the  bsomatite  which  now  fills  the  basins  and 
hollows  of  the  Carboniferous  LimesUme,  was  originally  deposited  in 
the  form  of  carbonate  of  iron.  It  will  be  easy  to  conceive  that,  on 
a  solution  of  this  substance  in  water  containing  carbonic  acid 
coming  in  contact  with  limestone,  the  carbonate  of  iron  would  be 
deposited,  and  its  place  in  the  solution  occupied  by  cai'bouate  of 
lime.  When  the  carbonate  of  iron  bad  been  thus  formed,  its 
change  into  haematite  was  probably  efifected  by  a  process  somewhat 
analogou.s  to  that  by  which  siderite  is  so  often  seen  to  become  con- 
verted into  brown  iron  ore.  That  a  portion  at  least  of  the  haematite 
has  replaced  carbonate  of  lime  becomes  evident  from  the  fact  that 
numerous  fossils  of  the  Carboniferous  Limestone  have  been  found  in 
the  ore,  and  that  some  of  them  have  only  been  partially  converted 
into  oxide  of  irun. 

It  is  somewhat  difficult  to  conceive  whence  the  iron  formi: 
such  numerous  ferruginous  deposits  could  have  been  derived,  but 
Mr.  Kendall  suggests  the  Coal-measures  as  the  probable  source  from 
which  this  metal  originally  came.  He  furtljcr  remarks  that  it 
is  well  known  that  the  sandstones  and  shales  belonging  to  this 
formation  contain  a  large  percentage  of  iron  ;  and  as  these  rocks  at 
one  time  probably  overlaid  the  Carboniferous  Limestones  of  the 
haematite-producing  districts,  he  thinks  it  not  improbable  that  a 
large  projiortion  of  the  iron  in  the  limestones  may  be  the  result  of 
the  percolation  of  waters,  charged  with  carbonic  acid  gas,  through 
superincumbent  beds  which  have  been  since  removed  hjJMM 
denudation.  ''^ 

In  1881,  the  production  of  red  haematite  in  Cumberland  was  . 
1,615,635  tons,  while  that  of  Lancashire  amounted  to  1,189,83^1 
tons.  ^1 

Ironstones  of  the  Coal-measures.— The  clay  ironstones 
of  the  Coal-measures,  which  have  so  largely  contributed  to  the 
prosperity  of  the  iron  trade  of  this  country,  often  form  layers  of 
more  or  less  regular  nodules  enclosed  in  beds  of  shale  and  clay 
belonging  to  that  formation.  They  occasionally  coalesce  into 
beds,  which  are  seldom  of  any  considerable  extent  or  thick- 
ness. These  nodules  consist  essentially  of  carbonate  of  iron, 
associated  with  varying  proportions  of  the  carbonates  of  liine  and 
magnesia,  together  with  a  certain  amount  of  argillaceous  matter^J 


also  usually  contain  a  little  cirbonate  of  manganese.  Such 
les  are  often  concretionary,  and  contain  fresh-water  shells, 
uns  of  fish,  fragments  of  plants,  and  other  fossils.  The 
itions  are  sometimes  of  such  small  size  that  they  have 
the  name  oi  })i7us,  ptnnystoncs,  &,i\d  other  similar  appella- 
occaaionaily  they  are  large  spheroidal  masses  exceeding  a 
m  diameter.  The  larger  nodules  are  frequently  divided  by 
cracks  which  are  usually  filled  by  such  minerals  as 
ite,  quartz,  iron  pyrites,  chalcopyrite,  blende,  and  galena, 
leriic  or  sulphide  of  nickel  and  mineral  tallow  occur  together 
nodules  of  clay  ironstone  of  Glamorgaushire.  When  re- 
cently  broken,  nodules  of  ironstone  commonly  exhibit  a  light  grey  ■ 
Of  bluish  tint,  which  on  exposure  to  the  atmosphere  rapidly 
brtximes  brown  through  oxidation. 

Ores  of  this  character  almost  invariably  contain  phosphoric  acid, 

..f  vvliich  the  proportion  occasionally  exceeds  one  per  cent.     Clay 

ir  iist^jne  sometimes  exhibits  the  regular  structure  known  as  cone 

in  cow,  in  which  case  the  seam  has  a  tendency  to  divide  into  cones, 

he  bases  of  wbich  are  towards  the  top  and  bottom  of  the  bed, 

jrliile  their  apices  are  directed  towards  the  centre.     The  English 

-iitilds  most  plentifully  supplied   with  ores  of  this  class  are 

hcioe  of  Staffordshire,    Shropshire,    Yorkshire,   and    Derbyshire ; 

ftMe  but  little  is  found  either  in  Northumborlaud,  Durham,  or 

lancashire.     Clay  ironstones  are  worked  both  ia  North  and  South 

Wales  and  iu  Scotland.     They  are  sometimes  brought  to  the  surface 

llirough  the  pit  employed  for  extracting  the  coal,  but  at  others  they 

areobtainedby  entirely  independent  workings.     To  give  the  names 

only  of  all  the  numerous  localities  which  have  in  this  country 

fiimisbed  clay  ironstone  from    the  Coal-measures,  would  occupy 

Dore  space  than  can  be  devoted  to  the  subject;  but  a  brief  notice 

of  one  or  two  of  the  more  productive  localities  may,  nevertheless, 

ot  be  out  of  place. 

In  the  northern  district  of  Yorkshire,  the  lower  aeries  of  the  Coal- 

Deasures  is  developed  to  an  extent  not  observable  in  the  south  by 

Pthe  occurrence  of  beds  of  coal  and  ironstone  which  have  given  rise 

t(i  llic  establishments  of  Low  Moor,  Brierley,  Bowling,  &c. ,  celebrated 

I  for  the  production  of  the  best  iron  made  anywhere  in  Great  Britain. 

Coal-tueasure  ironstones  are  alone  employed  in  this  district,  and 

principally  derived  from  two  groups  of  strata,  known  respec- 

lively  as  the  Wliite-Bed  Mine  and  the  Black-Bed  Mine ;  a  third, 

called  the  Brown  Rake,  was  also  formerly  worked.     The  ores  are 

without  phosphorus, 
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qrulisj  can.  hare  maxenaDr  coaciibated  to  the  celebrity  of 
iroa  ftrjtlncfid.  This  anperioritj  appears  dae  rather  to  the  c 
i^iiXfjwtii  oa  everr  stag«  o€  ics  mannfartare,  and  to  the  great  pai 
of  the  ftuel  emplojed,  than  to  anj  excenency  of  the  ore  treated.  1 
Ojol  osEni  is  obtained  frQm  the  seam  called  the  "  Better-bed,"  wbi 
Ika  beneath  the  izoostCMie,  and  attains  a  thickness  Taiying  fn 
<me  fcoi  e%ht  inches  to  tvo  feet ;  it  differs  firom  ordinary  ooal 
ita  remarkable  fireeiom  from  pyrites,  and  is  exclasivelv  made  use 
ffjt  the  processes  of  refining,  paddling,  &c. 

An  aroage  secticm  of  the  measores  in  this  district  is  given 
the  following  table.^ 

/ToplUta. 
'.  Lov  flmts. 
Wans-ns  laosarosx,  Busklzt.     White  twUi. 

Middle  balls. 
<La>w  imeiiiii  ii 

FUt'ttone. 
Black-ud  iBonroxs,  Low  Mooc  .  Middle  balk. 

In  IS  bcda.  Ron^  meesnre. 

Low  measoic 
.  Basaetatooe. 

ft.  in.      ft.  in. 

Royd'a  or  Bkekbed  coal 14to23 

Yaiioiu  meaaorea — 

Boof  of  coal,  black  ahale,  with  nameroas  fiah  re-  |  lOQ    0 

mains,  and  small  white  nodalea  of  ironstone  ■    .   ) 

"  Better-bed  "coal 1     4  to  2    0 

"  Floor"  of  indurated  clay,  with  small  sraies  of  white 

mica. 

Varions  measures ISO    0 

Flagstone  exported  for  London  pavement. 

The  upper  or  White  Bed  is  characterised  by  the  pale  d 
colour  of  the  majority  of  its  courses,  even  when  they  occur  in  ba 
of  dark  shale.  The  Black  Bed  exhibits  the  ordinary  blackish-g 
tint  of  clay  ironstone,  and  occurs  in  detached  nodules  of  var^ 
dimensions. 

In  South  Yorkshire,  extending  from  Parkgate  near  Rotherl: 
to  Tankersley,  and  onward  to  the  west  of  Bamsley,  niimer 
outcrops  of  important  beds  of  ironstone  may  be  traced.  Whem 
these  beds  come  to  within  a  short  distance  of  the  surface  they 
actively  worked  by  means  of  bell  pits,  which  kre  small,  shal 
sliafts  numerously  distributed  at  regular  intervals  along  the  sti 
of  the  beds.  This  system  of  working,  in  conjunction  with 
frequently  a<Kv»«  -"  ,  often  imparts  a  stra 

*  *•  tel  Survev,  1858,  pa 
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I  isp.'t  to  tlie  coimtry.  The  pits  and  irregular  openings  thus  ex- 
I  tending  over  cousideruble  areas,  render  them  totully  unfit  for 
I  cultivation,  and  these  old  workings  liaving  been  planted,  the  line 
I  ofout«rop  of  the  ironstone  is  often  distinctly  indicated  by  the  belts 
I  of  trees. 

I  TJie  more  important  of  the  ironstone  beds  worked  in  the  West 
[  Biding  are  comprehended  within  a  thickness  of  about  1,000  feet 
'cif  measures  extending  between  the  Barnsley  Thick  Coal  and  the 
.SLlkstone ;  they  are  known  as  the  Swallow  Wood,  Litigate,  Tan- 
iceraley,  Thomclifife  Black  Mine,^  Thomclifle  White  Mine,  and  Clay 
'Wood  Mine. 

The  Derbyshire  coal-field  being  the  extension,  southward,  of 
that  of  Yorkshire,  many  of  the  same  seams  may  be  traced  con- 
tinuously over  a  large  area.  The  ironstone  beds,  however,  usually 
possess  less  persist«:ncy  of  character  than  the  coal-seams,  and 
mparatively  few  of  them  continue  to  be  productive  throughout 
e  whole  length  of  the  county.  On  the  contrary,  many  of  the 
ams  of  nodular  ironstone,  locally  called  "rakes,"  which  in  certain 
nets  are  extensively  worked,  are  found,  within  a  comparatively 
ort  distance,  either  to  thin  out,  or  to  so  deteriorate  in  quality  as 
be  unworkable. 

The  total  thickness  of  the  Derbyshire  Coal-measures  may  be 
ken  at  about  2,000  feetj  including  the  very  productive  seams 
f  the  Pender  Park,  Staveley,  and  the  Cement  Rake  and  Brown 
.ke  of  Alfreton  and  Butterley.  The  Dog-tooth  Rake  of  Chester- 
Id,  24  feet  in  thickness,  is  one  of  the  most  important  in  this 
field,  and  is  remarkable  from  the  fact  that  one  or  more  of  its  betls 
are  almost  entirely  composed  of  fossilized  shells  of  Anikracosia.  This 
shell,  probably  of  several  species,  is  found  in  great  abundance  in 
all  the  upper  beds  of  ironstone.  In  some  of  the  lower  measures, 
jt  is  either  less  numeroiis  or  is  altogether  wanting ;  among  the 
ry  lowest,  however,  it  again  appears. 
With  regard  to  the  prulongation  of  these  beds  southward,  much 
lonfusion  has  arisen  from  the  same  name  having  been  given  to  dis- 
ctly  different  beds,  yielding  ores  of  a  somewhat  similar  character. 
Tlie  Three-quarter  Balls  form  a  very  productive  seam  below  the 
Furnace  Coal  at  Clay  Cross.  Many  of  the  lower  ironstones  contain, 
addition  to  bivalve  shells,  the  remains  of  various  coal  plants, 
which  frequently  form  the  surface  of  a  nodule,  and  have  become 
completely  converted  into  iron  ore.  The  balls  of  ironstone  in  this 
neighbourhood  are  often   pierced  by  small   tubular   hollows   left 

I      *  Jb  tbe  iron  diatricta  the  woid  mine  ii  often  used  as  !<ynousvno\u  ^Uh  vr<. 


by  rootlets  of  stigmaria,  which  are  sometimes  filled  with  blend  -^b, 
The  most  remarkable  of  all  tlje  ironstones  of  the  district  is  thm  o 
Black  Shale  Rake,  which  is  nowhere  so  well  exposed  as  at  Hady,  ucsft.j- 
Chesterfield,  where  it  has  been  long  extensively  worked  for  the  use    j 
of  the   bliist  furnaces   at   Staveley.     At  this  place  it  consists  of    I 
two  distinct  ban<l8  of  grey  shale  respectively  15  and  21  feet  in 
thickness,  loaded  with  numerous  rows  of  ironstone  noduloa,  and 
separated  from  one  another  by  12    feet   of   unproductive   shale. 
Among  the  ironstones  of  this  deposit  the  "  cheeses  "  are  remarkable 
for  the  symmetrical  cracks  caused  by  contraction  ;  these  are  mostly 
iilled  with  carbonate  of  lime,  containing  iron  and  magnesia,  but 
open  cavities    lined    with    crystals    of   blende   are   of    frequent 
occurrence.    The  "Old  Man"  and  "  Old  Woman"  are  compact  grey 
ironstones   with   a   somewhat  concboidal   fracture   which   exhibit 
numerous  cracks,  and  these,  in  addition  to  impure  carbonate  of 
lime,  contain  well-du fined  crystals  of  blende  and  galena.     Copper 
pyrites  and  iron  pyrites  sometimes  occur  in  the  same  way,  and  not 
uufrequently  occupy  the   hollows   left  around  the  casts  of  fossil 
shells.     The  upper  measures  of  the   Dale  Moor  Rake,  the  lowest 
known  in  the  Derbyshii'e  coal-field,  yield  an  ironstone  of  a  light 
drab  colour,  which  is  remai'kable  for  the  number  of  plant  re- 
mainij,  particularly  rootlets  of  stigmaria,  which  it  encloses.     The 
"  Bottom  Balls  "  are  especially  remaikable  for  containing  a  large 
number  of  entire  fishes,  usually  from  four  to  seven  inches  in  length, 
belonging  to  the  genera  ra!a'07iiscns  and  Plati/somus.     The  large 
number  of  courees  in  these  lower  ironstone  measures,  together  with 
the  great  thickness  of  the  shales  in  which  they  occur,  renders  it 
necessary  to  work  them  by  open  cuttings  on  a  very  large  scale. 

The  yield  of  iionstone  per  acre  must  necessaiily  depend  on  the 
thickness  of  the  nodules  in  the  measures  and  the  closeness  and 
regularity  of  their  distribution.  The  Tunkersley  Mine,  in  Yorkshire, 
a  bed  of  shale  about  six  feet  in  thickness,  contains  from  twelve  to 
fifteen  inches  of  ironstone,  and  yields,  on  an  average,  2,000  tons  per 
iicre.  At  Parkgate  the  Old  Black  Mine,  11  inches  thick,  yields 
1.500  tons  per  acre,  while  the  Chxy  Wood  Mine,  only  five  and  a  half 
inches  in  thickness,  produces  from  1,500  to  1,600  tons  per  acre.  In 
Derbyshire,  at  Butterley,  the  Brown  Rake,  consisting  of  three  thin 
measures  of  iroDstoue  in  a  band  of  shale,  of  the  total  thickness 
of  four  feet  six  inches,  yields  2,500  tons  per  acre.  ^M 

The  Chesterfield  Black  Shale  Rake,  which  is  the  most  productiv^i 
in  the   district,   consists   of  twenty  bands   of  ironstone   nodules 
varying  from  half  an  inch  to  two  and  a  half  iuckes  \'n.  tVv\<ik."Ci!e.^Si, 
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ispetsed  through  about  thirty-seven  feet  of  shale.     The  total 

B  of  ironstone  is  about  twenty-eight  inches,  and  this  affords 

ield  varying  from  4,000  to  7,000  tons  per  acre. 

The  annual  production  of  Coal-measure  ironstones  in  Yorkshire 

.1  Derbyshire  is,  respectively,  about  330,000  and  60,000  tons. 

e  largest  quautity  of  ironstone  of  this  class  raised  in  any  one 

nty  is,  however,  obtained  from  Stafl'ordshire,  where  the  annual 

action  somewhat  exceeds  1,700,000  tons.     In  North  Stafford- 

blackband  ironstone  occurs  in  beds  varying  from  four  to  nine 

t  in  thickness. 

Iron  Ores  of  Mesozoic  Age. — The  marlstone  bed  forming 
highest  portion  of  the  middle  Lias  series  is  often  ferruginous, 
id  in  certain  localities  constitutes  a  valuable  ironstone ;  it  some- 
times attains  a  thickness  of  over  twenty  feet.     In  many  respects 
le  ore  resembles  that  from  the  Northampt<>n  sands;  excepting 
that  instead  of  being  siliceous  it  is  somewhat  calcareous.     This 
ore  has  been  worked   at  Addcrbury,   Steeple  Aston,  and  Fawler 
near Stcnesfield,  Oxfordshire. 

Brown  haematites  of  a  somewhat  sandy  and  impure  character 
occur  in  the  Lias,  Oolite,  and  Lower  Greensand  formations,  and  are 
found  almost  continuously  fron)  the  northern  parts  of  Wiltshire  to 
Uie  Wolds  of  Yorkshire,  jiassiug  through  Oxfordshire,  Northampton- 
ehircand  Lincolnshire.  This  ore  usually  presents  the  appeamuce  of 
a  brown  ferruginous  oolitic  rock,  which  Las  sometimes  a  greenish 
tinge  when  freshly  broken.  The  most  important  of  these  deposits 
is  that  at  the  base  of  the  Inferior  Oolite  (zone  of  Ammmiiies  Mur- 
tkimvr),  which  extends  from  the  neighbourhood  uf  Banbury  through 
Northamptonshire.  These  ores,  although  of  low  quality,  admit  of 
being  raised  at  a  very  cheap  rate,  and  besides  being  smelted  upon 
the  spot,  are  largely  exported  to  Staffordshire  and  South  Wales. 
The  ferruginous  beds,  which  usually  rest  liirectly  on  the  Upper  Lias 
Clay,  are  the  equivalent  of  the  Dogger  of  Yorkshire  ;  the  good 
ore  seldom  exceeding  from  eight  to  ten  feet  in  thickness.  The 
Nortliamptonshire  sand  is  worked  for  iron  ore  at  Bliswortb,  Duston, 
Wellingborough,  Coggenhoe,  Glendon,  Fiaedon,  Gayton,  Brixworth, 
Ik  Woo<iford,  Islip,  &c.,  in  Northamptonshire,  at  Steeple  Astun  and 
^&  Hcyford  in  Oxfordshire,  and  at  Neville  Holt  in  Leicestershire.' 
^I  Although  the  larger  proportion  of  the  Nortliamptonshire  iron 
^Bflpare  essentially  hydrated  peroxides  of  iron  associated  with  sand, 
^^Hbb  of  mica,  and  sometimes  a  few  minute  spherules  of  magnetite, 
*  certain  amount  of  carbonate  of  iron  is  also  generally  present. 
^^^L  >  H.  Baueruian,  Metnllurgy  qf  Inn,  1882,  p.  89. 
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The  inner  portions  of  concretionary  masses  of  this  iron  ore  oft* 
consist,  for  the  moat  part,  of  carbonate  of  iron,  while  the  outsid^c 
is    entirely    composed    of  brown    haematite,   the    latter  havin^^- 
evidently  been   derived    from    the   former   through   the  action  o:#* 
atmospheric  influences.     Analysis  shows  that  the  greyish  mineral 
of  the  Northamptonshire  ores  contains  from  60  to  80  per  cent, 
of  carbonate  of  iron,  with  from  10  to   25  per  cent,  of  insoluble 
matter  chiefly  consisting  of  sand  and  siliceous  oolitic  concretions. 
Besides    these,    but    existing    in   smaller    proportions,    are    the 
carbonates  of  lime  and  magnesia,  with  carbonaceous  matter,  water, 
sulphur,    and  phosphorus.      The  last  of  these    b<3dies   is,   unfor- 
tunately for  the  value  of  the  ore,  invariably  present,  and  frequently 
in  considerable  quantity. 

Mr.  S.  Sharp  has  noted  the  following  divisions  of  the  beds  in 
the  Northampton  district  > — 

Feet. 
4.  — White  or  grey  sand  and  sandstone,  sometimes 

quarried  as  building-stone,  containing  a 

plant-bed 12 

3. — Thiu  fermginous  sandstone  and  shelly  ferru- 
ginous beds,  very  variable,  being  sometimes 
entirely  calcareous,  at  others  consisting  of 

white  sand  and  sandstone 30 

2. — Coarse  oolitic  limestone 4 

1. — Ironstone  beds  containing  Rynchoiiella  varia- 
bilis, a.  ajnocei>hala,  Ammonites  hifron^,  &c.     ,    35 
Upper  Lias  Clay. 


At  Baubury  the  beds  are  only  twelve  feet  in  thickness. 

The  Northamjitoushirc  sands  iiiclutle  llie  lower  estuarino 
series  of  Professor  Judd,  which  comprehemls  the  brown  and  white 
sands  with  argillaceous  beils  and  plant-remains  occurring  above  the 
fossilifLTous  bods  of  ironstone.  It  would  appear  from  the  investi- 
gations of  this  geologist  that,  although  in  the  southern  part  of 
Oxfordshire  and  in  South  Northamptonshire  the  Northampton 
sands  are  the  equivalent  of  the  lower  zone  of  the  Great  Oolite 
and  of  part  of  the  Inferior  Oolite,  in  the  northern  part  of  North- 
amptonshire and  in  Lincolnshire  they  iuehule  the  lower  cstuariue 
series,  and  occur  beneath  tlie  Collyweston  slates  and  Lincolnshire 
limestone    of    the    Lower   Oolite.      In    WUtshiro  the  same  ore 


*  "  The  Ooliti:a  of  Voilhamftoush'uv,"  Qttarl.  Jour.  Oeol.  Soc.  vol,  xxvi.  1870, 
p.  351. 
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Kcuis  in  the  Coral  Rag,  and  in  Buckinghamshire  in  tho  Lower 
RjTCt'nsaad.  In  the  latter  locality  the  be<l  is  not  continuous,  but 
biwlular  masses  of  limonite  are  scattered  through  a  stratum  of 
ucown  sand  about  fifty  feet  in  thickness.  The  nodules  of  ironstone 
lire  frequently  hollow  and  enclose  loose  white  sand.  After  a 
[careful  study  of  the  district,  Professor  Judd  has  arrived  at  the 
[fbllovriug  conclusions  relative  to  the  origin  of  the  sands  and  iron 
I  ores  of  Northamptonshire.' 

I     "We  find  in  what  is  now  the  midland  district  of  £ngland,  and 
lat»  period  separated  by  a  long  interval  of  time  firom  that  of  the 
I  hst  deposit  in  the  area^  the  Upper  Lias  Clay,  that  a  number  of  con- 
I  siderable  rivers,  flowing  through  the  Palieozoic  district  lying  to  the 
I  north-west,  formed  a  great  delta.     Within  the  area  of  this  delta  the 
f  U8uul  alternations  of  marine,  brackish  water,  and  terrestrial  con- 
ditions occurred,  and  more  or  less  irregular  accumulations  of  sand  or 
I  mud  in  strata  of  small  horizontal  extent,  took  place.     Subsequently, 
1  ami  probably  in  consequence  of  the  gradual  depression  of  the  area, 
the  conditions  were  changed,  and  in  an  open  sea  of  no  great  depth 
hy  the  abundant  growth  of  coral  reefs  and  the  accumulation    of 
dead-shell  banks,  during  enonnous  perioila  of  time,  the  materials 
I  (if  the  great  deposits  of  the  Lincolnshire  Oolite  limestone  were 
formed.      On   a   re-elevation   of    the   area   the   fonner   estuarine 
conditions  were  also  re-produced,  and  similar  deposits,  but  of  an 
aigillaceous   rather  than   an  arenaceous  character,  were   funned. 
Confining  our  attention  to  the  earlier  of  these  two  estuarine  series, 
that  of  the  Northampton  sand,  we  must  imagine  the  beds  as  being 
[carried  down  to  great  depths  in  the  earth  by  the  deposition  upon 
[them  of  the    superincumbent    strata.      But   at   the   same   time 
[fcuother  most  important  cause  has  come  into  operation,  namely, 
le  passage   through  some  portions  of  the  rock  of  subterranean 
fater  containing  carbonate  of  iron    in  solution.     By  this   agent, 
rbonate  of  iron  was  deposited  in  the   substance   of  the  rock, 
thile  portions  of  the  siliceous  and  otlier  materials  were  dissolved  ; 
•J^d  these  entering  into  new  combinations,  were  in  part  re-deposited 
J^  tile  mass  of  the  rock  in  the  form  of  oolitic  grains,  and  in  part, 
fobably,  carried  away  in  solution.    During  the  existence  of  the 
<ls  under  a  great  pressure  of  overlying  rocks,  they  would  like- 
isc    become    consolidated    and    jointed.       These    metaraorphic 
focesses  would  probably  take  place  with  extreme  slowness  and 
»ay  possibly  be  still  going  on,  where  the  rock  remains  deep  seated 
the  earth  ;  by  their  means,  portions,  greater  or  less,  of  the  sauily 
>  "  Geology  of  Rutlnnd,"  Mtvi.  Geol.  Survey,  1876,  p.  130. 
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strata,  but  always  those  resting  immediately  on  the  impervious 
Upper  Lias  Clay,  would  be  gradually  converted  into  solid  and 
jointed  rock  beds,  composed  principally  of  carbonate  of  iron.  The 
next  stage  in  the  course  of  alteration  in  these  rocks  would 
commence  when,  by  the  action  of  denudation,  portions  of  them 
were  brought  again  near  the  surface  so  as  to  be  traverse*!  by  the 
atmospheric  waters  entering  them  as  rain,  and  passing  away  from 
them  as  springs.  The  action  of  this  water  is,  as  we  have  seen,  to 
remove  the  carbonic  acid  and  soluble  salts,  to  change  the  protoxidofl 
of  iron  into  hydra  ted  peroxide  and  to  re-distribute  it  in  such  a  manner^ 
as  to  produce  the  remarkable  cellular  structure  of  the  rock,  and 
also  the  maiiiUtated,  botryoidal,  and  sculptured  surfaces.  Finallyd 
by  mechanical,  as  distinguished  from  chemical,  sub-aerial  denu-a 
dation,  the  beds  of  Northamptonshire  iron  ore  nearest 
surface  are  disintegrated  and  broken  up,  and  the  softer  and  le 
ferruginous  portions  to  some  extent  carried  away  in  suspensdot 
and  thus  deposits  composed  of  the  harder  and  denser  noatei 
formed,  constituting  the  bed  usually  worked  as  an  iron  ore.' 

The  history  of  the  working  of  the  ores  firom  the  Oolite  of  tiia^ 
Midland  district  is  a  somewhat  nsmaikable  one.  There  is  evidei 
that  as  long  ago  as  the  Roman  occapaUion  of  the  country 
beds  of  iron  ore  were  extensively  woiked,  nnce  in  a  wood 
Oundle,  heaps  of  broken  ore,  piles  oC  the  same  ore  after  calonation, 
and  rery  large  quantities  of  slag  are  found  usociated  with  Boman 
coins  and  pottery.  It  is  farther  known,  from  existing  dodUDents, 
(hat  during  later  times  Rockii^faam  Forest  Tied  with  the  Weak! 
of  Kent  and  Snasez  as  an  iran-prodocuig  difltiict.  In  both  these 
areas  the  presence  of  beds  of  inni  ore  in  the  dose  proximity  oT 
an  almo&t  unlimited  supply  of  timber,  had,  at  an  early  date,  led  to 
the  erection  of  nonaercNis  fecges  of  the  kind  then  emplojed  far 
1^  naann&ctare  of  inm.  Throogboot  neaxfy  the  whole  off  the 
Northamptonshire  district  large  accnmolations  of  rich  iron  slags 
axe  still  met  with.  They  axe  dark  in  cohxu;  Teiy  heavy  and 
eoaipact.  and  appar»tlj  oootain  a  hige  fnpotHkm  of  the  ivoa 
ai^giaalfy  present  in  the  ores  traated. 

The  re^Btrodaoliaa  of  the  Korthan^itaaidaxe  ore  into 
iron  tiade  is  off  camfmnldw^  reesaft  date,  and  is  psiacqially 
to  the  exeitiau  of  Mr.  &  H.  BbdncO.  of  Dodley.  In  the 
jrear  1S51.  I>r.  Bert  <&vcted  the  attentiatt  of  this  geatleman  to 
k  ifncimen  of  iron  or  whi^  hs  had  iweiied  finas  iIm  dtsliict 
in  iioesdoK.  Mr.  Biick««a  thenofon  iaTyjUiJ  the  locaGty.  and 
hk  i»WJi*igitii)nii  iiiillwl  i»  the  iFikiwijj  rf  aa  etteaajre  deywit 
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lore,  the  iniportAnce  of  which  to  the  iron  trade  of  the  present  day] 
I  very  great. 
In  Lincolnshire,  Iron  ore  occurs  in  the  Lower  Lias  limestones 
shales  characterised  by  a  great  abundance  of  Gryphaa  arcuata,  ^ 
He  ironstone  bed,  which  is  27  feet  in  thickness,  is  worked  atS 
uBlhorpe  and  Froddingham  in  the  northern  part  of  the  county. 
0  beds  of  ironstone,  measuring  respectively  4  and   8  feet  in 
ickness,  are  met  with  in  North  Lincolnshire,  and  are  probably 
,e  equivalent  of  some  of  the  Cleveland  ironstones.     The  Marl-^ 
e  rock  yields  a  good  ironstone  in  some  parts  of  South  Lincoln- 
and    evidence    still  exists   of    its   having    been    formerly 
irorke<i.  fl 

The  Northampton-sand  ores  were  in  former  times  extensively 
(/ug  in  South  Lincolnshire,  but  at  the  present  time  no  workings 
in  this  formation  are  being  anywhere  carried  on  within  the  limi 
of  the  county. 

The  Ironstone  Junction  Bed  at  the  base  of  the  Upper  Estuaria 

series,  the  equivalent  of  the   Stonesfield   Slate   of  the  south 

filmland,  is  a  band  of  good  ironstone  about  a  foot  in  thickness, 

wbiich  has  been  worked  at  various  times,  although  not  recently. 

A-  few  years  since  a  considerable  amount  of  ironstone  in  the  form 

oC  balls  was  obtained   from  the  Great  Oolite   Clay  at  Overton, 

wev  Peterborough,  but   the  workings  have   been   abandoned  in 

oanaeqnence  of  the  large  amount  of  waste  material  it  was  foundj 

^Accessary  to  remove.  " 

^P      In  the  beds  of  the  Tealby  series,  Middle  Neocomian,  is  found  a 

^ brown  oolitic  ironstone  in  a  bed  averaging  nearly  six  and  a  half  feet 

^—iu  thickness ;  this  ore  closely  resembles  that  worked  near  Salzgitter 

^Bin  Hanover,  and  is  of  the  same  geological  age.  Fossils  are  extremely 

^Mamerous  in  this  deposit,  and  the  ore,  which  is  highly  calcareous, 

^tonlaias  from  28  to  33  per  cent,  of  iron.     It  is  much  used  for 

mixing  with  certain  clay  ironstones  from  Yorkshire.  ■ 

I  The  Upper  Sandstone  Shale  and  Coal  of  Professor  John  Phillips, 

probably  of  the  age  of  the  Great  Oohte,  contains,  in  Yorkshire, 
band*  of  ironstone  in  nodules,  some  of  which  have  been  formerly 
■worked.  The  Lower  Sandstone  Shale  and  Coal  of  the  same 
author,  -equivalent  to  the  upper  part  of  the  Inferior  Oolite,  also 
coatains  similar  nodules.  ■ 

The  celebrated  ironstone  of  Cleveland  occurs  in  the  Middle 
I-iaa,  and  is  divided  by  bands  of  shale  and  pjrites  into  several 
Itxds.  Where  best  developed  it  has  a  total  thickness  of  above 
twenty  feet,  the  two  principal  beds  being  known  respectively  as 
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the  Pteten  and  Avicula  Beams,  from  the  prevalence" 
fossil  shells  belonging  to  those  genera. 

The  usual  colour  of  the  ore  is  a  dull  bluish-green,  artsil 
the  presence  of  silicate  of  iron  ;  its  structure  is  oolitic  with  nu 
ititL'rsjx'rsod  fossils.  Aa  raised  from  the  mine  these  oxe^ 
from  28  to  32  per  cent,  of  iron,  and  the  beds  work^f 
inland,  from  Redcar  to  Eston  near  Middlesborough,  on  T*? 
Eston  the  main  bed  atta.ins  its  greatest  thickness,  pre) 
in  some  places  a  section  of  nearly  twenty  feet  of  undivided 
stone.  From  Eston  the  bed  gradually,  but  slowly,  thins  off  t 
the  south-east,  hut  in  the  opposite  direction  this  tiikei 
more  lapidly.  The  whole  of  the  workable  Cleveland  irons 
in  the  highest  part  of  the  Middle  Lias,  the  yield  per  aoj^H 
from  20,000  to  50.000  tons.  ■ 

The  "Dogger"  includes  the  lower  part  of  the  Inferior 
and  the  sands  below  it ;  and  in  some  places,  as  at  Ro 
these  form  a  rich  iron  ore.  This  ironstone,  which  is  magnel 
polar,  Bometimes  contains  as  much  as  50  per  cent,  of  iro! 
has  a  greenish,  blue,  or  black  colour,  with  the  imperfect 
structure  observable  in  uuweatherod  specimens  of  Northai 
sand  ore. 

The  production  of  iron  ore  in  the  Cleveland  district 
year  1H81  amounted  to  0,5.18,471  tons. 

That  of  Northamptonshire  was  1,270,544  tons;  of  Lincol 
1.021,500   tons;   of  Wiltshiro,  39,222  tons;   and  of 
8.fil4  tons, 

Shropshire. — Shelve,  a  remote  parish  in  the  westen 
of  Shropshire,  is  situated  in  the  centre  of  a  tract  of  ci 
wliere  Sihirian  strata  of  Llandeilo  age  are  prominently  dev< 
Although  the  stratified  rocks  in  the  district  around  ■ 
priiKn|ial]y  belong  to  the  Llandeilo  formation,  they  are  to 
o.\tent  surrounded  by  a  fringt-  of  Upper  Llandovery  and  Wi 
deposits,  which  repose  uiiconfoniiably  upon  them.  On  theea 
Llandeilo  and  the  Lingula  Flngs  rest  on  the  Cambrian  sti 
Longmynd  rangc,^ 

The  strata  of  the  Lower  Llandeilo  series  arc  of  a  very  iii 
character,  consisting  of  fine-grained  shales  which  vary  consid 
in   hardness,   but   which   never   present  any  indication   of 
cleavage.     Wliun   first  brought  to  the  surface  out  of  the 
the  fracture  of  this  rock  exhibits  a  massive  slaty  charact€ 

'  0.  H.  Korton,  "  TLe  Geology  and  Mincnil  Vciiia  of  Uie  Conntry  trwaiA 
Shroiwliirf,"  Proe.  Livemr-'  -"«.  Scptuutber,  1809.  ^^^^ 
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V  beiug  for  some  time  exposed  to  the  action  of  the  atmosphere 

splits  along   its  planes  of  Itedding,   and   assumes   the  appear- 

of  a  shale.     At  the  surface  is  principally  a  sofb,  splint^ryfl 

e,  but  in  the  vicinity  of  the  numerous  greenstone  dykes  it 

aently  becomes  a  hard  slaty  rock.     Generally  speaking,  the 

ita  are  nearly  black,  although  shales  of  a  light  shade  occur 

with  lef«  frequency ;  while  in  certain  localities  thick  flagstones  are 

jiiltretratiried  with  the  other  rocks.     The  lead  veins  of  the  Shelve 

;iiistrict  have  probably  been  worked,  at  various  intervals,  from  a 

shortly  after  the    Roman   occupation   of  Britain,  as   the 

very  of  pigs  of  lead  bearing  the  inscription  of  Imp  Hadhiani 

pll70.  shows  that,  at  the  Roman  Gravels  Mine,  ore  was  being  raised^! 

and  smelted  early  in   the  second  century  of  the   Christian    era.      ■ 

r^e  only  extensive  ancient  excavations  are  those  at  the  Roman 

Gravels  Mine,  which  still  continues  to  be  the  most  productive  in  the 

i/i«5trict.     These   openings  originally  consisted    of  three    cuttings 

ioOuwing  the  course  of  the  Sawpit,  Roman,  and  St^cond  North 

ins,  and  extending  in  the  form  of  furrows  up  the  hill  side  and 

crits  crest.     Those  on  the  outcrops  of  the  two  first  named  veins 

a.re  still  distinctly  traceable,  but  that  on  the  Roman  Vein  is  by 

fsLi  the  most  important  excavation.     In  its  present  condition,  this 

■pxesents  the  appearance  of  a  deep  trench  extending  up  the  side 

of  the  hill,  continued  over  the  top,  and,  finally,  ending  in  a  series 

of  .shaft-like  openings,  of  which  the  mouths  have  generally  fallen 

together.     At  the  end  of  the  main  opening,  which  is  about  100 

fathoms  in  length,  tlie  lode  has  been  followed  imderground,  and  its 

contents  worked  out.     The  width  of  the  vein,  wIrtc  it  is  visible, 

from  2  to  6  feet,   and  the  open    workings   on  the   back   vary 

ni  25   to    50   feet   in  depth.     Lower   down  in  the  mine  the 

of  the  lode  varies  from  six  inches  to  ten  feot,     Immediately 

,th  the  point  at  which  the  ancient  miners  finally  suspended 

operations,  a  large  mass  of  galena  was  found. 

There  are  five  different  lodes  at  this  mine,  all  of  which  a 

<^'nprehended  within  a  strip  of  ground  not  exceeding  370  yardi 

'D    vridth ;   those   are   named,   respectively,    the    Spring,  Sawpi 

*^rnan,    First   North,    and    Second    North    Veins.      The   Second 

^orth  and    Roman    Veins   run    nearly   parallel    to   one   another; 

"^th  having  a  direction  N.  of  W.  and  S.  of  E.,  with  a  dip  towards 

krf|>e  N.E.      The  First  N^irih,  the  Sawpit,  and   the  Spring  Veins 

^^pe  also  nearly  parallel,  but  take  a  more  westerly  course.     The 

^^UBt  North  Vein  has  a  S.W.  dip,  while  that  of  the  other   two 

^*«     in    a     contrary    direction.      Both    the    Sawpit    and    Sprinj 
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Veins    are    intersected  at  a  small  angle   by  llie  Roman   V< 
The   lodes  are   to  a  large    extent    composed    of   calcite    with 
certain  amount  of  qoartz,  and  in  addition  to  galena  they  con 
blende  and  iron  pyrites ;  but  few  druses  are  found  in  them,  a: 
veil  cry.stallized  minerals  are  of  rare  occurrence.     At  the  Oven 
Pipe  Mine   in   tliis   district   the  lode   sometimes   contains 
cavities  enclosing  bitumen. 

The  Roman  Vein  is  by  Ceo-  the  most  important,  and,  in  mi 
times,  has  yielded  fully  seven-eighths  of  all  the  ore  which  hi 
been  raised  from  the  mines.     It  is  still  producing  a  considerai 
quantity  of  lead  at  the  depth  of  100  fathoms  below  the  su 
None  of  the  veins  have  ever  been  worked  more  than  a  few  fathomg 
beyond    the    road    leading    from    Bishop^a    Castle    to   Miasteriy 
as  the  strata  there  change  from  a  hard  slaty  rock  into  a  soft  sbalft 
in  which  they  die  out.     A  dyke  of  eruptive  rock  traverses  tlie 
Roman  Vein  and  hardens  the  rock  in  its  vicinity.     This  vein  has 
been  followed  in  a  south-easterly  direction,  and  was  lost  in  soft 
shales  as  at  the  other  eitremitj'. 

During  the  year  1881  the  Roman  Gravels  Mine  produced  2,921 
tons  of  lead  ore,  of  the  value  of  £28,109. 

Next  after  the  Roman  Gravels,  the  most  important  mine  of  ths 
Shelve  district  is  Snailbeach.  This,  which  is  a  very  old  working, 
is  situated  to  the  north  of  the  Gravels  Mine,  has  been  wrought  for 
a  long  period,  and,  after  having  been  with  the  Bog  Mine,  &ov 
abandoned,  the  richest  in  the  neighbourhood,  still  yields  a  con- 
siderable annual  return  of  lead. 

The   workings   are   exclusively   confined    to    one    large  lode, 
although  the  existence  of  another  to  the  south  of  it,  and  conse- 
quently called  the  "  South  Lode,"  has  been  satisfactorily  established.^ 
The  country  rock  is  a  hard,  qoartzose,  slightly  micaceous  schist,  d' 
a  greenish-grey  colour,  and  of  Uandeilo  age,  which  dips  W.N.\V^  • 
at  an  angle  of  60°,  conformably  with  the  Stiper^tones ;  the  strike 
of  the  bedding  ranges  N.  of  R  and  S.  of  W..  parallel  with  th^ 
Loogmynd  system.    In  the  western  p«rt  of  the  mine  there  an 
alternations  of  soli  shale  with  the  harder  rocksL 

The  average  bearii^  of  the  lode  is  nearly  trae  E.  and  W. 
but  for  short  dntaooes  it  varies  oaaaiiexMj  frmn  this  course.    Ife^ 
crops  out  in  the  side  of  a  hill  facing  the  nocth,  uider  which  it  di 
with  a  tolerably  regular  ondeilie  of  two  feet  in  a  fathom ; 
richest  portaoQS  osoally  bearii^  nearly  E.  and  W.     The  levi 
on  the  oooise  of  the  lode  are  fifteen  *V*Htmw  apart,  and  are  con- 
nected with  a  Amh  about  200  fathoiw  m  depili,  by  cfosB-cat& 
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conglomerate  which  often  breaks  out  conspicuously  from  among 
the  trees  with  which  the  side  of  the  hill  is  covered.  The  hedl 
rise  from  the  plain  towards  the  east  at  an  angle  of  from  5°  to 
10°,  and  the  escarpment  is  continued  for  some  distance  southward 
facing  the  east. 

The  general  form  of  the  Edge  and  its  component  b^ls  ii 
shown  in  Fig.  51,  after  an  illustration  of  Professor  Hull,  who  firat 
determined  the  true  horizon  of  the  copper-bearing  sandstones 
of  this  locality.* 


SuccxDsioN  OF  Beds  in  Descending  Order. 

M.  Red  marl ^  Bed  and  giey  laminated  marls. 

'  Brownish  flaggy  sandstones  and  xnail. 

b*  WalertUma  \     Lower 

6*  Freestone  f     Keuper 


6*  Copper-bearing  sandstone  \  sandstone 
6'  Conglomerate  )   500  feet. 


a  Upper   red  and  mottled  )    „,.„»  . 
sandstone |    ^«^**'- 


Alierley&iga 
CcpftT-iBorSt 


Wliite  and  brown  freestone. 

Soft   white,   yellow,   and   varie^tad 

sandstone. 
Hard  quartzose  conglomerate,  nnder- 

Iain  Dy  bands  of  marl,  forming  the 

base  of  the  Keuper  series. 
Soft,    fine-graine^,    yellow  and  red 

sandstone,    being    tho    appennost 

member  of  the  Bnnter  8andst<»ie. 

Mettmm  StAndma 
Cofperrwerts 


b*      f    b'  n 

I'm.  61. — Section  ttom  Alilcrluy  Etlgo  to  Muttnm  St.  Andrew*. 

The  metalliferous  beds  are  those  marked  h^  6*  at  the  base  of  -tie 
Keuper  series ;   the  former  of  these,  besides  containing  ores  of 
copper  and  other  metals,  is  somewhat  remarkable  for  its  petrologica/ 
peculiarities.     It  consists,  generally,  of  a  whitish,  firmly-cemented 
conglomerate  chiefly  composed  of  well-rounded  pebbles  of  quartz, 
in  all  respects  similar  to  those  which  occur  so  constantly  in  the 
Pebble-beds  of  the  Buuter.     Copper,  in   the   form   of  green  and 
blue  carbonates,  is  disseminated  throughout  the  cementing  material 
of  this  rock,   at   Alderley  Edge  to  a  very  small    extent  only, 
but  in  considerably  larger  quantities  at  Mottram  St.  Andrews, 
about  a  mile  to  the  north-east  of  the  Alderley  Edge  workings- 
The   position  of  the  conglomerate  at  Mottram,  so  far  below  aa<3 
beyond  the   base  of  its   contemporaneous    beds   at    Alderley,    is 

'  Edward  Hull,  ' '  On  the  Copper-bearing  Kocks  of  Alderley  Edge,  Cheshire, ' 
Geol.  Mag.,  vol.  i.  1864,  p.  65.  E.  Hull  and  A.  H.  Green,  "  The  Geology  of  tli< 
Country  around  Stockport,  Macclesfield,  Congleton,  and  I.ieek,"  Mem.  Oeol.  SwveV< 
1866,  p.  30. 
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the  great  east  and  west  fault  already  referred  to,  which 

down    the    beds    to    the    north.      The    conglomerate    is 

exposed  in  a  quarry,  in  which,  twenty-five  years  ago,  copper 

first  discovered  in  the  district.     For  some  years  systematic 

»g  was  carried  on  in  this  locality  ;  the  copper-bearing  material 

removed  through  a  series  of  numerous  shallow  shafts.     The 

ilts  obtained  were,  however,  conimercially  unsatisfactory,  and 

Workings  were  therefore  abandoned. 

The  beds  formerly  worked  at  Alderley  he  above  the  band  of  con- 

lerate,  and  are  marked  h^  in  the  section.     Tlie  impregnation  of 

jr  minerals  is  confined  to  a  breadth  of  some  forty  to  fifty  feet,  in 

beds  of  8andst.one,  and  beyond  this  width  the  cupriferous 

Hjnegnations  rapidly  die  out  on  either  side.     The  sandstone,  vvhicli 

bibits  a  uniformly  soft   texture,  is  stained   along  a  series  of 

sperfectly  defined  layers  which  are  variously  coloured  green,  blue, 

or    brown,  in    accordance   with    the    nature    and    state   of 

ombiiiation  of  the  metals  present  in  largest  quantity.     In  addition 

iwpper  these  gaodstones  contain  sulphate  of  barium  and  small 

J^uaotities  of  lead,  manganese,  iron  and  cobalt.     The  lead  is  present 

liefly  in  the   form  of  cerussite,  but  galena,  pyromorphite  and 

^Wnuiinite  are  also  met  with. 

Tie  lowest  of  the  three  metalliferous  beds  is  sometimes  as  much 
as  sixty-six  feet  in  thickness,  but  it  varies  considerably  in  this  respect; 
't  dips  at  an  angle  of  alwut  12°,  and  it  has  been  worked  down- 
wani  for  a  distance  of  aliout  300  fathoms. 

Above  this,  which  is  known  as  No.  1  bed,  lies  a  seam  of  clayey 

one  varying  in  thickness  from  one  foot  to  six  feet,  and  upon 

rests  the  metaUiferous  bed  No.  2,  which  is  18  feot  tliick  and 

Tered  by  about  twelve  feet  of  red  clayey  sandstone.     Above  this 

^■ndstone  is  bed  No.   3,   also    18   feet  in    thickness,    but  which 

bjMi  not  been    extensively    worked.       The   section   of  the  beds 

1864,  at  the  face  of  the  workings,  was  as  follows : —  ^ 

Fathonu. 
Surface  clay  and  red  sandstone  .    .    .    .17 

No.  3  bed 3 

Ro«l  clayey  sandstone      2 

No.  2  bed 3 

Blue  clayey  sandstone 1 

No.  1  bed r  .    .  11 

Total  37  fathoms. 

'  G.  C.   Grt-cnwell,  "  On  the  Copjier  Sandstone  of  Alderley  Edge,  Cheshire," 
^•u.  &.  WaU*  Imt.  tf  Enginttn,  vol.  iv.  18<S6,  p.  44. 
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The  surface  of  this   portion   of  Great   Britain  varies  in 

ST  from   extensive   plains   to    mountains   of    consirJerablo 

^  exhibiting  in  some  places  a  richly  woixled  and  fruitful  soil, 

others  little  is  to  be  met  with  but  barren  hills,  with  more 

[extensive  pasturage  in  the  valleya. 

*  Beneath  the  comparatively  flat  land  in  the  approximate  vicinity 

lie  eastern  and  westera  coasts  the  upper  members  of  the  Car- 

3US  series  contain  valuable  seams  of  coal,  and  from  beneath 

I  rise  the  Lead-measures,  consisting  of  various  members  of  the 

ferous  Limestone.     They  rise  gradually  towards  the  west 

ftu  inclination  greater  than  that  of  the  general  slope  of  the 

atry,  so  that  they  successively  reach  the  surface,  over  a  large 

t,  attaining  their  highest  elevation  in  the  mountain  of  Cross 

Cumberland.     Similar  outcrojis   occur    in   adjacent   fells,  or 

ited  moorlands,  and  these,  extending  in  a  north  and  south 

ctiou,  form  the  western  limit  of  the  lead-mining  districts  of 

I  north. 

The  lofty  range  of  elevated  land  constituting  tlie  Pennine 
lin,  extends  from  Derbyshire  ta  the  Clieviots,  and  occupies  a 
ge  of  from  twenty  to  thirty  miles  in  width,  forming  the  central 
on  of  the  north  of  England.  It  sometimes  attains  a  height  of 
00  feet  above  the  level  of  the  sea,  and  i.s  formed  of  a  broad 
lliclinal  curve,  which  is  much  broken  by  large  faults  along 
nor1.h-west  flank  towards  Westmoreland  and  Cumberland,  as 
fcll  as  along  its  western  margin  extending  into  Stafibrdshire.  On 
!  opposit*  side,  throughout  Yorkshire  and  Derbyshire,  the  beds 
!  less  disturbed,  and  usually  dip  at  a  moderate  angle  beneath  the 
aeasures.  In  many  parts  of  this  range  are  numerous  and 
dve  lead  mines,  which  may  be  classified  into  the  following 
Hips: — * 

Isi — Mining  districts  coimected  with  the  River  Tyne,  and  its 
tributaries,  the  Nent,  the  East  and  West  Allen,  and  the 
Derwent ;  namely,  Alston  Moor  in  the  county  of  Cumber- 
lanil.  East  and  West  Allendale  in  the  county  of  North- 
umberland, and  the  Blanchland  and  Derwent  Mines  in 
the  same  county.  In  addition  to  these,  which  are  dis- 
tinct mining  areas  of  considerable  extent,  there  are 
other  valuable  lead  mines  situated  in  isolated  localities, 
some  of  which  are  extensively  worked,  in  the  Valley  of 
the  Tyne. 

'  T.  Sopwilh.  "  On  the  Leiul  Miiiini?  Districts  of  the  North  of  England,"  Trftiui. 
\£n^.  Jiut.  fining  Entfi.  vol.  xiii.  1804,  p.  188. 
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2nd. —The  extensive  mining  district  of  Weanlale,  occupying 
all  the  upper  part  of  the  vallej  of  the  River  Wear  and 
its  tributary  valleys  of  Bumhope,  Killliope,  Wellhope, 
Tresliope,  Rookhope,  &c. 

3rd. — An  extensive  district  in  and  atljoining  Teesdale,  the 
mines  being  situated  chiefly  in  the  valley  of  the  River 
Tees,  and  in  adjacent  portions  of  Yorkshire  and  West- 
moreland. 


The  maximum  thickness  in  the  north  of  Englajid  of  the  Carl»ni- 
ferous  or  Mountain  Limestone  is  about  2,800  feet,  which  is  made  up  of 
alternating  strata  of  limestone,  sandstone,  and  shale,  while  between 
them  is  interposed  one  thick  layer  of  trap.  The  upper  members 
of  the  series  appear  at  the  surface,  on  the  sides  of  the  upper 
valleys  of  the  South  Tyne,  Wear,  and  Tees,  forming  the  rocks  in 
which  the  lead  veins  of  those  districts  are  enclosed.  At  Alston 
Moor,  one  of  the  principal  mining  centres  of  this  part  of  the 
country,  the  aggregate  thickness  of  the  Carboniferous  Limestone 
series  does  not  exceed  1,037  feet,  and  consists  of  183  feet  of  lini' 
stone,  349  of  sandstone,  and  505  feet  of  shale. 

The  trap  rock,  or  Whin  Sill,  which  crops  out  at  the  surface 
two  or  three  places  only,  may,  at  Alston  Moor,  be  regarded 
forming  t!ie  base  of  the  metalliferous  beds ;  the  lower  portion 
the  Mountain  Limestone  is,  however,  visible  at  the  surface  on  the 
western  escarpment  of  Cross  Fell. 

Tiie  table  on  page  183,  constructed  by  Mr.  Wallace,  shows 
composition  and  total  thickness  of  the  Millstone  Grit,  and  Mountain 
Limestone  rocks  in  .(VJstou  Moor  and  the  adjoining  mining  districts.' 

In  the  Alston  district  it  is  unusual  for  any  member  of  the 
series  to  be  altogether  wanting,  but  in  the  Tecs-side  and  Trout- 
beck  mines  the  strata  above  the  Whin  Sill  vary  considerably,  both 
in  thickness  and  in  the  order  of  their  succession,  from  those  found 
in  the  mines  near  the  River  Tyne.  In  the  Tees-side  district  a 
greater  thickness  intervenes  between  the  top  of  tl»e  Whin  and  the 
bottom  of  the  Scar  Limestone  than  at  Garrigill  on  the  Tyne,  but  in 
the  latter  the  Whin  is  very  considerably  thicker  than  in  the  former. 
and  the  distance  in  each  case  batween  the  bottom  of  the  Whin  aai 
the  bottom  of  the  Scar  Limestone  is  nearly  equal. 

The  veins  of  the  north  of  England  may  be  grouped  into  three 
classes,  namely,  wm,  cross-veins,  and  quarter-point  veins. 

'  W.  W«Uacc,  "  The  Lawi  which  Rcgokte  the  Deposition  of  Load  Ore  in  VeioA." 
London,  1861,  p.  17. 
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LoedKs 


audstooe.       Skale. 


Coal  (BnxkveU'B) 

81«te 

Girdle  Bedi 

Freestone 

Coane  HagU  Oirdk  Beth  .... 

Millstone  Grit 

HardHszIe* 

Freestone 

GrrfBidt 

HmIb  

Alt«ni«tiiig  Grey  Beds 

Grlndgtone  Sill 

R&Ele  aoid  Ootil 

Fell-top  limestone 

Hule 

Do 

Do 

HighSkteSill 

Low  Slate  Sill 

Fiddler's  Sill 

Ironstone  and  Coal 

Firestone 

ffirdUBeds 

Pattinson's  Sill 

Little  Lime  and  White  Hazle     .    .   . 

RiKhCoBlSill 

Tjjw  Coal  Sill 

Great  Limestone 

Tuft 

Limestone  post 

Qnarry  Hazle 

Till  Bed •  .    . 

Fonr  Fttlhfims  Limestone 

Nnt truss  Gill  HmU      

Three  Yards  Limestone 

Six  Fathoms  Hazle 

Five  Yards  Limestone 

Slaty  Hazle 

Scab  LiMESToyE 

r  High  Copper  Hash 
I  Cockleshell  Lime 
Alternating  beds-  Low     do.     do. 
Post  Lime 
I  Tyne-hottom  Plate 

Tyne-bottom  Limestone 

Whetstone  Bed 

Whin  Sill 

Hazle 

Do 

Do 

Jew  Limestone 

Slate   

Little  Limestone 


ft.     in. 

15    0 

5S    0 

27  0 

9  0 

45  0 

15  0 

10  6 

24     0 
9     8 

12  0 
9  0 
0 
0 
0 
0 
6 
0 


12 
.  24 
I  21 
'  15 
4 
'     30 


12  0 

5  0 

14  0 

12  0 

9  0 

80  0 

18  0 

36  0 

12  0 

36  0 


6  0 

120  0 

10  0 

11  6 
18  0 

15  0 


S 

48 


9 
6 

44 

88 
33 
10 

30 
12 
7 
7 
22 
80 


66  0 

24  0 

9  0 

6  0 

26  0 

16  0 


Uaatooe- 


ft.   in. 


ft.  in. 


37 

6 

66 

0 

10 

6 

18 

0 

90 

0 

9 

0 

11 

0 

3 

0 

9 

0 

7 

0 

4 

6 

15 

0 

4    6 


6    0 


63 
1 

24 

9 

15 

30 


14     0 


24     0 


24     0 
18    0 


^  Hazles  are  compact  sandstones. 
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General  Section  of  the  Millstone  Grit  and  Mountain  Limestone  Rook* 
AS  Developed  in  the  Alston-Moor  and  Adjoining  Mining  Districts — 
(continued). 


No. 


45 
46 
47 
48 
49 
50 
61 
52 
63 
54 
65 
66 
67 
68 
59 
60 
61 
62 
63 
64 


Iiocal  NamM. 


Hazle 

Smiddy  Limestone  .    .    .    . 

Hazle 

Limestone 

Hazle 

Robinson's  Lime 

Hazle 

Scar  Limestone 

Freestone 

Limestone      

Freestone 

Do 

Do 

Do 

Limestone 

Hard  Freestone     .    .    .    .    . 
Seven-inch  Coal  with  Plate 

Freestone 

Limestone 

Freestone 

Totals  .   . 


Sandstone. 

Sbale. 

Umectone. 

ft. 

in. 

ft. 

in. 

ft.    in. 

61 

0 

24 

0 

81     6 

12 

0 

4 

6 

25    6 

12 

0 

6 

0 

21     0 

9 

0 

8 

0 

12 

0 

182    0 

6 

0 

6 

0 

12     0 

106 

0 

9 

0 

7 

6 

9 

0 

7 

6 

9 

0 

9 

0 

9 

0 

7    6 

12 

0 

42 
129 

0 
7 

30 

0 

7 

6 

18    0 

174 

0 

60 

0 

1133 

2 

1171 

8 

480    3 

The  first  class,  sometimes  called  rake  veins,  or  right-running 
veins,  comprehends  all  those  coursing  approximately  east  and  west 
but  varying  in  direction  between  N.  60°  E.  and  S.  60°  E.  Veins 
belonging  to  this  class  are  usually  metalliferous,  and  are  more 
frequently  productive  when  enclosed  in  hard  rocks,  particularly 
in  limestone,  than  when  their  walls  consist  of  shale  or  of  some 
other  soft  material. 

The  second  class  comprises  all  veins  whose  direction  is  nearly 
north  and  south.  They  usually  displace  those  belonging  to  the 
first  class,  and  are  less  variable  in  their  course.  In  the  strata  above 
the  Great  Limestone  they  are  rarely  metalliferous,  and  seldom  even 
contain  any  considerable  amount  of  veinstone.  In  the  Great  Lime- 
stone they  have,  in  the  aggregate,  yielded  large  quantities  of  galena, 
while  in  the  strata  beneath  it  they  frequently  produce  ores  of 
both  lead  and  copper. 

The  veins  belonging  to  the  first  two  classes,  which  cross  one  an- 
other nearly  at  right  angles,  are  sometimes  intersected  by  a  class 
of  smaller  veins  having  an  intermediate  bearing  and  hence  called 
quarter-point  veins,  the  "  point "  of  a  vein  being  the  local  term 
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licating  its  bearing.      These  intermediate  veins   traverse   the 
mtry  in  two  different  directions,  the  one  being  S.  55°  E.  and 
le   other   S.  55°  W.     Like  the  veins  of  the  second  class  they 
Dntain  but  little  veinstone  in  the  beds  above  the  Great  Lime- 
one;  in   the  strata  below  it,  however,  they  are  often  filled  with 
in  pyrites,  copper  pyrites,    calcite,    &c.     They   seldom    contain 
ore. 

Veins  of  all  cla5ses  have  in  tliis  district  usually  been  formed 
[along  Unes  of  fault.  The  "  throw  "  is  the  term  locally  employed 
to  signify  the  vertical  disniption  which  generally  occurs  along  the 
course  of  the  more  considerable  veins.  The  iwrpendiculax  distance 
between  the  corresponding  strata,  on  the  opposite  sides  of  the  same 
vein  varies  in  Alston  Moor  from  a  few  inches  to  300  feet,  and  there 
is,  moreover,  a  remarkable  correspondence  between  the  dip  and 
throw  of  veins,  which,  although  not  without  exceptions,  is  never- 
theless very  general. 

If  an  east  and  west  vein  throws  the  strata  up  on  its  south  side 

Jthe  dip  or  hade  will  generally  be  towards  the  north,  and  t^ice  versd ; 

tbe  liip  is  usually  opposite  the  side  on  which  the  strata  are  highest. 

Mr.  T.  Sopwith  gives  the  following  instance  of  the  variable  throw 

of  the  same  vein   in  different  localities,  as  exemplified  by   Old 

Carr's  Cross-vein  in  Alston  Moor.      This  powerful  vein  throws  up 

■flip  rtrata  at — * 


Middle  Cleugh  Second  Sun  Vein  ....    42 

Middle  Cleugh  Vein 48 

Carr's  Vein 60 

Broomsberry 72 

Nentsberry  Greens 162 


feet. 


» 


In  the  Alston-Moor  district  a  vein  is  said  to  be  vjeak  when  the 

'■^ta  on  either  side  are  but  slightly  displaced,  and  strong  when  the 

'ff^rence   of  level  between  similar  strata   is   considerable.      In 

Uition  to  the  difference  in  the  level  of  corresponding  strata  which 

frequently  occurs  on  the  opposite  sides  of  a  vein,  the  veinstone 

*tself  is  sometimes  traversed  by  a  longitudinal  fissure  witli  well- 

•lefined  .dickensides  upon  ita  faces.     In  the  upper  parts  of  AlstA->n 

Moor,  the  quarter-point  veins  are  usually  small  and  their  throw 

only  a  few  inches,  the  largest,  which  is  about  six  feet,  occurring  at 

'  ♦•  Mining  Diatrict  of  Alston  Moor,  'Weardalc,  and  Teesdale,"  Alnwict,  1833, 
p.  107. 
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the  Nenthead  Mines.  In  the  lower  part'  of  the  field,  the  vei 
belonging  to  this  class  are  much  stronger,  and  one  of  them  in  t 
Rodderup  Fell  Mine,  throws  up  the  north-west  side  no  less  th 
forty  feet. 

The  very  remarkable  fault  known  as  the  Great  Sulphur  Ve 
traverses  the  country  in  a  westerly  direction  for  a  distance 
nearly  eight  miles,  from  Hard  Rigg  Edge,  Melmerby  Fell,  where 
terminates  against  a  S.W.  fault,  to  the  neighbourhood  of  Bun 
hope  Seat  on  the  borders  ^of  Durham,  where  it  breaks  up  into 
number  of  comparatively  small  branches  which  again  unite  nei 
Hiddenhole  Mine.  Westward  of  this  point  it  intersects  a  ve: 
which  has  been  worked  in  the  Sir  John  Mine.  After  penetratit 
the  Sulphur  Vein,  which  was  no  less  than  180  feet  in  width  in  tfa 
place,  the  miners  found  the  Sir  John  Vein  to  have  been  shifU 
horizontally  20  fathoms.  The  high  level  on  the  north  side  of  b1 
Sulphur  Vein  is  driven  in  the  plate  overlying  the  Scar  Limestox 
while  on  the  south  side  it  is  in  the  shale  under  the  Cocklesb« 
Limestone,  indicating  a  vertical  displacement  of  about  100  feet. 

A  little  further  west  the  Sulphur  Vein  is  seen  on  the  banks 
the  South  Tyne  a  little  below  the  Tynehead  Smelt  Mill,  whicfai 
built  on  the  Whin  Sill,  through  which  the  river  has  cut  a  nair-4 
gorge  terminating  in  a  waterfall  of  about  forty-six  feet  in  heig-" 
The  NMiin  Sill  abut.s  against  the  Sulphur  Vein,  which  on  the  noi 
side  throws  in  the  Tyne-bottom  Limestone,  which  again  forms  t 
bed  of  the  river.^ 

This  vein  is  mainly  compc>sed  of  iron  pyrites  in  a  matrix: 
quartz,  with  here  and  there  large  masses  of  pyrrhotine,  the  lat* 
containing  a  small  proportion  of  nickel  and  a  trace  of  cobalt.  T 
low  level  in  the  Sir  John  Mine  has  also  been  driven  through  t 
Sulphur  Vein,  which  was  found  to  cc-nsist  of  enormous  masses 
iron  pyrites  containing  a  little  copper.  Copper  ore  occurs  in  t 
Sir  Jolm  Vein,  as  well  as  in  several  others  in  T^-nehead,  in  stra 
ranging  from  the  top  of  the  Scar  Limestone  to  that  of  the  Tyn 
bottom  Limestone,  but  more  particularly  in  the  b^ds  known  as  tl 
Copper  Hazl-f*.  West  of  the  Tvne  the  SuIpL-ir  Vein  cros^s  a  h- 
calle'i  Xo»>nstones,  where  it  ornsists  almC'St  entirely  of  white  quart 
and  descending  on  the  ether  sice  :t  is  se'en  in  Cross  Gill,  whe-: 
it  is  sail  to  have  been  st  •"■ne  time  wirk'j'i  f:r  gold.  At  this  pla^t 
the  veii  o>::5i5ts  •;:  s  matrii  :f  ferTurtni-is  qnaru  with  patches   ■ 

■  f.    E.  It  HAiJt,  "•''r  ii-t  C'rr=;?«j;'«   :{  LetL  Ziz:,  »aii  Ir«jB  Ona  in  ma 
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pyritea  and  pyrrhotine.     Still  further  west  it  was  met  with  in 

e  at  Smitter  Gill,  wliere  masses  of  pyrrhotine  may  still  be 

m  the  surface  together  with  fluor  spar  and  other  lode  stuff 

from  lead  veins.      Many  of  the  veins  in  this  district  when 

for  lead  yield  hydrated  oxide  of  iron,  and,  when  sufficiently 

,  are  si^uietimes  worked  for  that  ore.    On  the  south  side  of  the 

,t  Svdphur  Vein  at  an  average  distance  from  it  of  nearly  a  mile, 

le  country  is  traversed,  in  a  nearly  parallel  direction,  by  a  trap 

ke,    No  displacement  of  the  strata  takes  place,  and  where  opened 

m  by  mining  operations  at  its  intersection  with  the  Douk  Bum 

I  BO  trace  of  the  vein  was  seen  in  the  dyke,  but  when  the  latter 

been  cut  through,  the  vein  was  found  in  its  proper  position  on 

other  side.     It  therefore  appears   that  the   intrusion   of  the 

1  dyke  was  posterior  to  the  formation  of  the  inetaJliferous  east 

d  west  veins  of  Alston  Moor. 

In  addition  to  the  three  classes  of  veins  before  described,  large 
quantities  of  leail  ore  are  sometimes  obtJiined  from  Jlafs.     Veins, 
however  irregular  may  be  their  width,  have  usually  walls  or  cheeks 
ich  maintain  the  fissuxe-like  character  of  the  opening.     In  cer- 
members  of  the  lead-bearing  strata  in  this  district,  however, 
especially  in  the  Great  Limestone  and  the  Scar  Limestone,  the 
veins  sometimes  branch  off  laterally  into  flats  which  are  often  very 
productive.     These  flats  vary  as  much  in  their  size  and  charac- 
teristics as  do  the  veins  themselves.     When  in  the  region  of  flats 
the  miner  sometimes  cuts  into  caverns  of  varjring  extent,  either 
lined  with  crystals  of  calcite,  blende,  galena,  &c.  or  fiUinl  with  clay 
or  veinstone.     An  opening  often  connects  such  flats  with  a  vein, 
■^d  under  those  circumstances  they  frequently  produce  large  quan- 
^Pues  of  ore.     Occasionally  flats  extend  over  considerable  tireas  and 
^fiJitunate  suddenly  at  a  back  or  joint  in  the  strata.    Flats  situated 
*^  a  distance  from  a  large  vein  have  often  numerous  strings  or 
"'^(rs  miming  into  them ;   this  term  being  ajiplied  by  miners, 
"^icause  by  following  them  they  are  often  led  to  the  flats  them- 

^y  The  minerals  most  frequently  occurring  in  the  lead  veins  of  this 
''fegion  are  quartz,  calcite,  iron  pyrites,  blende,  galena,  fluor  spar, 
^lid  sulphate  of  barium.  In  tlie  strata  included  between  the 
Orindstone  Sill  and  the  top  of  the  Little  Limestone,  the  amount  of 
<)UArt>z  deposited  in  the  veins  is  less  than  might  have  been  expected 
ftxim  the  generally  siliceous  nature  of  the  rocks ;  fluor  spar,  calcite, 
^nd  oxide  of  iron  being  the  prevailing  minerals. 

In  the  Little  Limestone  of  the  Nenthead  district  the  veins, 


I 
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frequeatly   contain    much  blende    and   iron  ore,  and  a 
proportion   of   quartz    than  is    iisually  found    in    the    sand.stftni 
above.     Calcite  and  fluor  spar  are  occasionally  met  with   in  tli 
limestone   and    in   the    Coal  Sills   below.     Blende    is    commo: 
accompanied  by  quartz,  although  the  converse  does   not  folio 
since    veins    almost   tilled   with   this   mineral   oft«n    contain    no 
sulphide  of  zinc. 

In  the  veins  in  the  Great  Limestone  a  greater  variety  ot 
minerals  is  found  than  in  those  of  any  of  the  strata  above.  Fluor 
spar  Ls,  however,  rarely  met  with  in  any  considerable  quantity  in  the 
Nenthead  Mines,  although  it  must  have  been  at  one  time  tolerably 
abundant,  as  pseudomoqths  in  quartz  after  fluor  spar  are  by  no 
means  uncumniun. 

At  Garrigill,  calcite  and  fliior  spar  occtir  abundantly  in  the 
Great  Limestone,  the  veins  being  in  many  places  almost  filled  with 
these  minerals.  In  the  Weardale  and  Alleuhead  districts  the  vein* 
in  all  the  strata  are  chiefly  filled  with  galena,  calcite  and  fluor 
spar. 

In  the  sandstones  below  the  Great  Limestone  the  east  and  wei 
veins  generally  contain  more  quartz  than  they   do  in    the  stra 
above.  Iloth  the  right-running  veins  and  the  north  and  south  vein* 
contain  much  imperfectly  crystallized  quartz  in  the  Scar  Limestone. 
The  veins  which  have  been  •worked  for  lead  in  the  Tyne-bottomj 
Limestone  often  contain  much  calcite,  although  qvuirtz  is  by  tn 
means   uncommon.      In    the   flats   in  this   limestone    beautifui\.T 
crj'stiillizi'd  calcite  occurs. 

In  the  Tyno-bottom  mines  some  of  the  veins  have  been  parti^T^v 
explonnl  in  the  Whin  Sill,  where  they  were  fuund  filled  with  calc^j 
and  spatliiise  irou  ore,  but  containing  no  galena. 

The  principal  veins  of  the  north  of  England  divide  the  wl:^ 
of  the   strata  of  the  Carboniferous  Limestone  series,  which      ^^ 
brought  variously   in    opposition   to   one    another    by   the     «ii 
locations    usually   accompanying    vein   fissures    in    that    reg^i 
Instances  have  from  time  to  time  been  recorded  of  veins   b<^ 
productive  under  almost  every  possible  circumstance  of  opposit-ion 
of  tlic  strata,  but  certain  beds  have  nevertheless  long  been  favoura.fc»Jy 
known  for  their  richness  in  lead  ore.     In  different  mining  districrtg 
different  limestones  are  thus  favourably  distinguished,  but  in  tMrae 
country  aroimd  Alston  Moor,  Teesdale  and  Swaledale,  the  Qre.^it 
Limestone  is. by  far  the  most  productive  stratum. 

In  confinnation  of  this,  the  following  extract  relative  to  tl»* 
actual  quantities  of  lead  ore  obtained  from  all  the  beds  in 
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maiior  of  Alston  Moor,  during  the  year  1822,  is  given  from  Mr.  J. 
Tarlor's  Report  ou  mineral  veins : — ' 

Great  Liracstoue 20,827  bings* 


I  Little  Limostoun 

l^iimut/me  Beds    Foxir-fathora  Limestone 

Scar  Limestone   .    .    .    . 

I  Tyue-buttom  Limestone 


287 
91 
J>0 

393 


GfriUUme  Bed* 


High  Slate  Sill 107  biiigs 

l^wer  Slate  Sill      289     „ 

Firestoue 262     „ 

Pttltinaoii's  Sill 269     .. 

High  Cool  Sill 327 


21,688  bings 


I»w  Coal  Sill 

Tuft 

Quamr  Hazle 

NattrasR  Gill  Hazle  ... 
Six  Fiithnuig  Hazle     .    .    .    . 

SUtv  Hazle 

(.  Uazle  under  Soar  Limestone 


151 

306 

44 

21 

576 

18 

2 


2,365  bings 


Total 24,053  biiigg 


With   regard   to   the   origin   of   the   lead  deposits  of    Alstou 

Moor,  Mr.  Wallace  observes  "it  would  appear  that  either  lead 

**i      connection  with    some    basifying    principle    must    enter,    in 

"Varying   proportions,    as   a   component   part,   of  the  rocks  of  tliis 

*iistrict,  or  some  still  more  elementary  substances  from  which  it  ia 

*otTned  by  laws  of  chemical  combination  as  yet  unknown.     I  am 

*iot  aware  that  the  bmestones  and  sandstones  of  Alston  Moor  have 

ever  been  subjected  to  careful  chemical  investigation.   If  from  their 

analysis  it  is  proved  that  lead  is  ditiused  throughout  their  whole 

tnasA,  then  the   inquiry  would  be  much  sim])lified,  and  chemists 

■Would  be  able  to  demonstrate  the  changes  which  must  be  effected 

in  order  that  sulpliide  of  lead  may  be  deposited  iu  the  veins  by  the 

agency  of  circulating  waters."  * 

The  four  most  northeru  counties  of  England  produced,  respec- 
tively, the  following  amounts  of  lead  ore,  lead,  and  silver  during  the 
year  1881 :— •• 

Lead  on.  Lend.  Silver. 

Tonii.  Tons.  Oi. 

Nwtkumberland   .....   J,^,,^^         ^        ^g^^g^  5^_^3g 

Cumberland 2,376         =  1,720  13.786 

Westmoreland 1,236         =  904  11,964 

Cumberland  also  produces  annually  about  1 ,800  tons  of  zinc  ores. 


*  Rtport  Brit.  Aaoeiation,  1883,  p.  1.  '  Each  weighing  8  cwts. 

»  "The  Laws  whioh  Regulate  the  Deposition  of  Lead  Ores  in  Veins,"  1861, 
p.  S42. 

«  B.  Hunt,  "  AliA^mJ  Statistics  for  1881/'  Mtmoin  of  the  Gtol.  Swn)e)|,  VWl. 
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The  lead-mining  district  of  Yorkshire  includes  an  area  of  about 
700  square  miles,  and  comprehenda  the  high  ground  bordering 
Swaledale,  Arkendale,  and  Wensleydale  iu  the  north,  and  Nidder- 
dale,  Wharfedale,  and  Airedale  to  the  south.  The  rocks  of  this 
area,  like  those  of  the  lead-bearing  districts  further  north,  belong 
to  the  Carboniferous  Limestone  period,  but  although  they  prevail 
throughout  the  whole  mining  area,  each  individual  stratum  is 
by  no  means  everywhere  represented,  and  the  thickness  of  th« 
different  beds  is  exceedingly  variable. 

The  lead  ore  of  the  Yorkshire  mines  is  derived  from  rake  vein 
pipe  veins,  and  flats.     Of  these  the  rake  veins  are  the  most 
ductive  and  important ;  their  course  does  not  usually  vary  materioll; 
from  a  stxaiglit  line,  but  their  dip  is  far  from  constant.     Their  in 
cliuation  from  the  horizon  is  less  in  soft  argillaceous  beds  than  i 
hard  solid  rocks  ;  while,  when  passing  a  thin  seam  of  shale,  or  sol 
clay,  they  often  flatten  and  follow  for  a  considerable  distance  tt^--Zr 
inclination   of  the   strata.     As  is  the  case  elsewhere,  the  wid^^, 
of  the  Yorkshire  veins  is  exceedingly  variable,  frequently  ope; 
from  one  or  two  feet  to  several  yard.s,  and  again  contracting  to 
mere  joint.     The  width  of  a  vein  is  usually  affected  by  a  chai 
of  strata,  and  is  greater  in  bard  rocks  than  in  soft  ones;  it 
generally  greater  in  limestone  than  in  sandstone,  and  in  the  Int.- 
rock  than  in  shale.     Rake  veins  are,  iu  the  majority  of  cases,  fa^-«iff 
veins,  the  strata  being  as  a  rule  lower  on  the  side  of  the  dip  tt-jftan 
in  the  contrary  direction. 

Tho  extent  of  the  throw  varies  from  a  few  inches  to  twenty^  or 
thirty  fathoms  ;  the  greatest  amount  of  throw  being  often  obsei-^'ed 
when  nearly  parallel  veins  are  in  the  almost  immediate  vicinity- 
one  another.  The  strength  of  a  vein  is  considered  to  be  in  di 
proportion  to  the  extent  of  its  throw.  A  vein  with  a  different^  of 
from  six  to  eighteen  feet  between  the  height  of  similar  beds  on  -the 
two  sides,  is  regarded  by  the  miner  with  more  favour  than  one  w^itli 
either  a  greater  or  less  displacement.  A  fa\ilt  of  this  extea.t.  is 
looked  upon  as  an  indication  that  a  vein  has  sufficient  strengtli  "to 
insure  its  size  and  continuity,  but  is  not  so  great  as  to  destroy  tbe 
effect  suppo.sed  to  he  ]irodiiced  by  certain  beds  when  occurring"  on 
the  same  horizon  an  both  sides  of  a  vein.  When  rocks  of  a  differs 
character  form  the  opposite  sides  or  cheeks  of  a  vein,  a  deposit 
lead  ore  is  rarely  found  between  them  ;  this  rule  is,  however,  r»- 
without  exceptions.  At  the  Grassington  Mines,  in  Wharfedale,  th^  Te 
are  two  veins  eskch  throwing  the  strata,  south  side  down,  to  8ix.<::'h 
an  extent  as  to  cause  shale  to  be  opposed  to  gritstone,  shale 
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Umestoac,  gritstone  to  liiaestone,  &c.,  and  so  on  throughout  their 
■whole  explored  depth.     Under  these  conditions  one  of  the  veins 
yielded  large  quantities  of  ore,  while  ita  neighbour  proved  totally 
barren.' 

When  a  vein  occasions  a  throw  of  from  two  to  three  fathomfi, 
the  ore  seldom  continues  either  above  or  below  the  change  of  strata, 
but  is  confined  to  those  portions  of  the  fissure  which  are  bounded 
by  die  productive  rock.     An  exception  to  this  rule  occurred,  how- 
ever, at  the   Grassington  Mines,    where   a  vein   produced   large 
quantities  of  lead  ore  for  considerable  distances  both  above  and 
below  such  a  change  of  strata.     In  addition  to  causing  a  fault  or 
throw,  rake  veins  materially  influence  the  dip  of  the  strata  in  the 
immediate  vicinity  of  their   walls.      On    the  side   of  the   more 
elevated  beds  the  planes  of  stratification  are,  for  a  short  distance 
from  the  wall,  bent  downwards,  while  those  on  the  opposite  side 
are,  i>n  the  contrary,  bent  upwards. 

Although  the  veins  of  this  county  traverse  all  the  beds  of  the 
Carboniferous  Limestone,  there  are  onlycertJiin  members  of  it  that 
usually  yield  lead  ore.  In  some  districts  the  most  abundantly  pro- 
ductive strata  are  lime-itones,  while  in  others  the  larger  proportion  of 
lead  is  obtained  from  the  sandstones.  The  argillaceoiis  shales  very 
rarely  produce  ore,  but  even  this  admits  of  exceptions,  since  in  the 
Airedale  district  lead  ores  have  sometimes  been  found  in  these  rocks,  i 
The  great  Whin  Sill  extends  into  Northeru  Yorkshire.  In  the  more 
northern  districts  many  of  the  veins  have  a  ne^irly  direct  course 
over  a  considerable  distance.  The  Old  Gang  Vein  in  Swaledale, 
which  has  been  worked  over  a  length  of  some  miles,  and  which 
caji  be  traced  in  a  nearly  straiglit  line  for  a  still  greater  distance, 
is  an  example  of  this  persistency  of  character  in  lead  veins. 

The  veins  of  the  three  northern  districts,  namely,  Swaledale, 
Arkendale,  and  Wensleydale,  are  more  regular  in  size,  and  the  beds 
liore  uniform  in  thickness  than  they  are  in  the  more  southern 
***as.  In  the  former  the  limestones  have  been  the  principal 
sources  of  production,  while  the  ores  of  the  southern  mines  have 
been  chiefly  derived  from  sandstones.  Many  poculiai-ities  dis-j 
ting;iish  the  mines  of  the  northeru  districts  of  Yorkshire  from 
tliose  of  the  south,  and  divide  them  into  two  distinct  classes. 
K«le  veins,  pipe  veins,  and  flats  are  common  to  both,  and  it  ia] 
to  be  remaiked  that,  on  account  of  the  composition  of  the  voin- 
Btone  with  which  they  are  associated,  ores  from  pipe  veius  and  flats 

'  8l«phen    Eddy,    "  On    the   Lead   Mining    DUtrietB    of   Yorkshire,"   Briiuf^ 
-    •  ~        W,  1868,  pp.    167-174. 


are  more  msiDle  than  those  from  rake  veins.    The  ores  from  tbe 
limestones  are  also  mure  easily  worked  than  those  from  sandstoooa. 

It  lias  been  asserted  that  slickeusides  never  occur  in  the  satxd- 
stoues  of  the  Yorkshire  lead  mines,  but  this  is  not  absolutely 
correct,  since  in  the  Grassington  Mines  a  slickenside  was  met  vritli 
in  that  rock,  where,  for  a  distance  of  nearly  seventy  yards,  it  forxaed 
the  only  division  between  two  veins.  In  both  areas,  tbe  majority 
of  the  lodes  are  nearly  parallel  to  one  another,  while  the  rvmaiuder 
run  counter  to  them  and  form  intersections.  ■ 

The  predominant  direction  of  the  principal  veins  is,   in  tlie 
northern  mines,  north  of  east  and  south  of  west,   while  in  the 
southern  field  it  is  north  of  west  and  south  of  east     The  formed 
known  as  right-running  veins,  are,  when  intersected  by  the  crossa 
veins,  frequently  heaved  or  otherwise  affected.     In  such  cases  tbfl 
heave  is  usually  on  the  side  of  the  oblique  angle  formed  by  thfl 
intersecting  planes  of  the  converging  veins.     When  one  or  both  oF 
the  veins  have  been  productive  of  ore  up  to  the  point  at  which  they 
come  together,  their  yield  is,  in  the  majority  of  cases,  increased  by 
their  junction.      The  extent  of  the  angle  formed  by  two  veins  is, 
however,  regarded  by  the  miner  as  of  much  importance,  since  he 
considers  an  acute  angle  as  indicating  riches,  while  a  large  one 
believed  to  be  an  unfavourable  indication. 

Nearly  one  half  of  the  present  annual  production  of  lead  ore  in 
Yorkshire  is  obtained  from  Arkengarth  Dale,  but   East  Crav' 
Moor,  Keld  Heads,  and  Old  Gang  are  still  among  the  producti 
mines.     The  total  yield  of  the  Yorkshire  mines  during  the  y< 
1881  amounted  to  +,171  tons  of  lead  ore,  equivalent  to  3,040  tons 
of  lead,  and  4,115  oz.  of  sUver. 

The  Carboniferous  Limestones  of  Derbyshire  rise  to  the 
surface  over  large  areas,  and  are  deeply  cut  into  by  numerous 
picturesque  valleys,  but  the  base  of  the  series  is  nowhere  exposed^ 
The  total  thickness  of  the  rocks  of  this  age  is  about  1,500  feel 
and  instead  of  there  being  one  bed  of  iutnided  trap,  as  in  thi 
northern  counties,  there  are  here  three  distinct  beds  of  an  igneoud' 
rock,  locally  known  as  toadstone  or  todtgtone,  interpolated  between 
four  thick  beds  of  limestone. 

According  to  Mr.  Wallace,  the  series  of  beds  comprehendeil 
between  the  top  of  the  Great  Limestone  and  the  Grindstone  Sill 
in  Alston  Moor,  corresponds  with  the  Limestone  Shale  of  Derbyshire, 
the  thickness  of  the  two  being  nearly  the  same  ;  on  the  other  hand 
tbe  Millstone  Grit,  which  is  fully  developed  in  Alston  Moor,  will 
correspond  to  the  Grits  of  Derbyshire  and  Wensleydale. 
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I  Tlie  mineral  deposits  of  Derbyshire  comprehend  rake  veins. 
I  pipe  veins,  and  flats,  besides  wliicb   cross-fissures   in    the   lime- 

■  ft(ine,  knovni  as  srrins,  sometimes  encloso  small  quantities  of  lead 
I  ore.  Few  veins  are  metalliferous  either  in  the  MLlLstoEe  Grit  or  m 
I  the  shales,  the  great  majority  being  profitably  worked  in  the  lime- 
I  stone  only.     When  a  lode  reaches  the  toadstone  it  usually  either 

■  wjuses  entirely,  or  passes  through  it  as  a  narrow  cleft  containing 
I  uo  ore.     In  the  limestone  beneath  the  toadstone  a  vein  is  some- 

■  times  found  to  have  resumed  its  original  condition,  but,  generally 
I  speaking,  the  workings  of  the  smaller  mines  are  exclusively  confined 
I  to  one  bed  of  limestone. 

I      In  161  out  of  180  observed  eases,  the  lode  is  stated  to  have 
entirely  disapijeared  in  the  toadstone,  while  in  nineteen  cases  the 
lein  jHissed  through  it.     As  B.  v.  Cotta  however  remarks,  these 
rt'sulta  cannot  be  regarded  as  altogetlier  reliable,  since,  from  tlie 
point  of  view  of  a  practical  miner,  a  vein  which  passed  tlirough  the 
trap  in   the   form  of  an  unproductive  fissure  would  probably  be 
kegarded  as  having  ceased  to  exist.    The  prejudicial  influence  often 
Mnrcntly  exercised  by  this  rock  upon  the  production  of  lead  veins, 
HPSoe  time  regarded  as  acting  almost  universally,  has  more  recently 
Been  found  not  to  be  without  important  exceptions.     Tiie  Mill 
Close  Mine  in  Darley  Dale,  which  has  for  some  years  been  the  most 
BToductive  in  the  county,  is  worked  between  shale  on  one  side  and 
Milestone  on  the  otlier.    Some  of  the  rake  veins,  however,  throw  the 
^strata,  and  in  such  cases  it  would  apjK'ar  that  the  vein  fissure  must 
have   divided   all    the   beds  including   the    toadstones.     In   some 
instances  the  veinstone  itself  is  found  divided  longitudinally  for 
considerable   distances,   with    the    contact   surfaces    often    highly 
|x>Iished.     These  slickensides  are  ribbed  or  slightly  fluted  horizon- 
tally, and  sometimes  after  one  aide  is  removed,  so  as  to  give  room 
and  relieve  pressure,  fragments  fly  off,  occasionally  with  loud  ex- 
plosions, and  continue  to  do  so  for  many  days.'     The  toadstone,  of 
which  there  are  three  beds,  is  a  dark,  compact  rock,  sometimes 
closely  resembling  basalt,  but  more  commonly  softened  by  decom- 
position, and  often  presenting  an  amygJaluidal  structure. 

Each  of  the  beds  averages  from  sixty  to  seventy  feet  in  thick- 
,  and  preserves  its  course  between  the  strata  of  limestone  for 
many  miles  uninterruptedly.  It  is  somewhat  doubtful  whether 
Ibese  layers  of  igneous  rock  are  to  be  regarded  as  lava-flows  con- 
lemporancous  with   the   deposits   of  limestone,  or  as  subsequent 

I    '  "Genenil   View  of   the  Agriculturn  und   Minerals  of  Derby sLJre,"  by  John 
■u^.  Sen.     London,  181  J,  vol.  I  p.  250. 
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injections  into  fissures  parallel  with  the  stratification!    Ue  la  Bee! 
regardeil  them  as  contemporaneous  flows ;  Sedgewick,  on^the  othi 
band,  believed  them  to  be  subsequent  injections.      Jukes  poin 
out  that  each  of  them  is  probably  the  result  of  not  merely  odi 
eruption,  but  rather  consists  of   different  flows  proceediiig  froi 
distinct  vents  and  uniting  into  one  sbeet  along  a  common 
The  most  prfxluctive  mines  have  been  worked  in  the  First  Lim 
stoue,  and  perhaps  the  least  so  in  the  fourth  stratum  of  that  roci 
which  does  not,  generally  speaking,  appear  to  carry  any 
amount  of  ore. 

The  production  of  lead  ore  in  Derbyshire  in  1881  amounted  t"^ 
3,834  tons,  equivalent  to  2,875  tons  of  metallic  lead.     These  oi 
are  exceedingly  poor  for  silver.   The  Mill  Close  Mine  yielded  duric| 
1881  more  than  one-third  of  all  the  lead  produced  in  the  county 
Four  others  afforded  from  265  to  545  tons  of  lead  ore  each  ;  th( 
balance  having  been  ma<le  up  by  the  yield  of  above  forty  small  min' 

The  celebrated  copper  mines  of  Ecton  *  ai-e  situated  on  t! 
borders  of  Staffordshire  and  Derbyshire.  The  principal  deposi 
which  as  early  as  the  year  1778  had  been  worked  to  a  depth 
200  fathoms,  is  a  pipe  vein,  piercing  the  highly-contorted  Umestonc 
beds  almost  vertically.  There  are  eight  main  lodes  coursing  E,  and 
W.,  and  the  same  number  of  N.  an<l  S.  veins,  together  with  many 
smaller  branches.  The  upper  portions  of  the  lodes  contain  galena, 
poor  in  silver,  and  blende  with  copper  ores ;  the  latter  | 
dominating  in  the  lower  levels.  The  principal  ores  are  chalcop; 
rite  and  erubescite,  and  with  these  occur  oxides  und  cjirbonates. 
The  vein  stuff  is  composed  of  very  transparent  calcite,  which  is 
sometimes  of  a  bright  yellow  colour,  colourless  or  bluish  flu 
spar  frequently  enclosing  ci-ystals  of  chalcopyrite,  barytes,  chal 
bite,  iron  pyrites,  and  calamine.  The  veins  sometimes  attain 
great  thickness ;  being  in  one  case  as  much  as  seventy  yards  fr* 
side  to  side.  From  an  historical  point  of  view  the  Ecton  Mine  is 
interesting,  as  it  was  here  that  blasting  was  first  introduced  into 
England.  Bishop  Watson*  states  that  he  had  seen  the  smithy 
which  the  first  borer  ever  used  in  England  was  made,  and  that  tl 
first  shot  fired  was  in  the  Ecton  Mine.  This  borer  must  liave  bei 
made  fVir  the  German  miners  whom  Prince  Rupert  brought  over 
IGSO  to  work  the  mine,  and  traces  of  whose  work  may  still  be  seen 
In  the  so-called  "Dutchman's"  adit. 


'  W.  Prvcf,  '*MincralogiaConiubi<?nsia,"1778,  p.  81.     J.  Mawo,  "  MincraloirT  of 
Dotbyshire,    1802.  p.  109. 

"  "Chemical  ^J^My»,"  1781,  vol.  i.  p.  332. 
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>m  ITGO  to  the  end  of  1708,  namely,  eiglit  years,  the  Ectou 
yielded  5,862  tons  of  copper  ore  worth  £57,494  S*  Id.    Fi'om 

Erh  «Jth,  1776.  to  December  27th,  1817,  53,857  tons  13  cwts.  of 
rere  raised,  containing  copper  of  the  value  of  £077,112  145.  Sd, 

, yielding  a  net  profit  of  £244,734  ll.s.1  The  ore  appears  to 
I  gent^rally  yielded  a  produce  of  about  15  per  cent,  of  copper. 


Wales. 

IROX  Ores. — The  production  of  red  ha?matite  in  South  Wales 

ry  amall,  eiuce  at  the  present  time  there  appear  to  be  no  mines 

Iting  upon  this  ore.     Some  years  ago  a  deposit  of  this  mineral 

io|K'ned  at  Cwra  Mountain,  in  Flintshire,  at  a  abort  distance 

Iruia  the  famous  lead  mine  of  Talargocb.     The  ore  here  occurs  iu 

the  form  of  a  breccia  composed  of  angular  fnigmeuts  of  hsmatite, 

ttmi'iited  together  by  crystalline  calcite  stained  a  brick-red  colour 

ly  diffused  oxide  of  iron.     This  ore,  which  is  found  in  irregular 

jiickct«  in  the  Carboniferous  Limestone,  is  accompanied  by  brown 

lucinatite,    which    occasionally   assumes    the    form   of  octahedral 

h,  probably  psoudomorplis  after  magnetite. 

,  An  oolitic  variety  of  calcareous  red  hsematite  occurs  in  the 

ler  Limestone  shales  at  Whit-church,  in  Glamorganshire,  but 

Itracing  the  bed  for  a  short  distance  either  iu  an  easterly   or 

Iterly  direction,  it  is  found  to  become  gradually  changed  into 

[encrinai  limestone.      The  Coal-measures  of  South  Wales  are 

rtilly    divided    into    two    series,   the   upper  and    the    lower. 

Theue  arc  over  the  whole  area  of  the  field  separated  from  one 

iuiother  by  hard  siliceous  beds,  which  sometimes  pass  iut*:)  con- 

g!t)iuerate,  and  are  locally  known  as  the  Cockshute  or  IVJiite  Rocks. 

Tlio  hardness  of  these  beds,  together  with   the  large  amount  of 

water  which  they  contain,  always  presents  formidable  obstructions 

iiisiuking  through  them.     The  upper  .series  contains  but  little  iron 

'<rv,  although  the  lower  one,  floraetimes  called   the  Ir<m-henring 

J/huwiys,  comprehends  numerous  valuable  deposits  of  day  ironstone. 

Jit  its Ciastern  outcrop  the  coal  of  the  lower  measures  is  bituminous, 

bill  gradually  changes  its  character  when  followed  in  a  westerly 

direction,  until,  after  passing  the  great  fault  of  the  Vale  of  Neath, 

it  becomes  true  anthracite.     The  coals  of  the   upper  series  are 

t'Verjwhere  bituminous,  even  when  antliracite  is  found  in  the  beds 

below.    Tiie  rocks  in  which  the  coal  and  ironstone  of  this  series 

•n;  imbedded  are  known  as  the  Pemiant  Rocks, 


'  Statement  rarnisbed  by  Mr.  K.  Taylor, 
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Tj:^  y^'w-r  :r  ir'.Q.-':<i9C3(r  susaooxes  ■'■Tvaii  over  the  vbole  coal 
&eiil  iZii  'Xjc  c-ri::>:i^al  aetia  :4f  iruuccotf^  ir&  3:>(xsii  En  toe  lowest  stnti 
Tok  ir '.-ca&uOi^  is  zsH-^'ujj  -rsanesi  v- ws  uif^  <£9ifiCi3n.  bcKxndarr  <A  th( 
ficLd.  bc'w  ^:o-.C'Zt.  ifi^  T-"»rfi;  cc  Er:a  a  less  coafaiexal^  tbe  duck 
Bueaa  ai7-ea3tes  ia  ?:c](?  ve$c     y<i9r  ue  eaAczn.  extremitr  of  tl|i 
bftiiTL  vricE.  Lj  *^  z^^On  ttvot^aVsissi^  Ssossx  <ii  Soath  Wales,  t&e 
»jGtiier:j,  -:-ii'j:r:-o   iips  tcTJ  asstHj.  mhzltt   *he   dip  of  the  nun . 
bJTtiKra  13  I-e^  -^irL^iiierUiiie.     Tbe^  kigbesc  port  of  the  bam  a : 
vhkh  ipA>:?vxK  £Af  b=ea  prxziahiT  vorzed  u  a  bed  of  blackbui 
oeearriiLg  oa  :i-=  ?op  of  »c«  llraT'l-ijsIlwTii  ssdun  of  coaL    Tlii 
irooatooe,  lik-e  cLat  -whice,  rEoeires  the  sauBEie  mme  in  Scotland  and 
Xorth  Staff  jrishire.  coatams  a  sclScaent  aznoant  <al'  carbonaceous 
matter  to  enect  'm  calcinatioa  whboat  anr  addhiooal  fiieL    Hm 
bed,  aichoagh  irregular,  is  aometim^s  s&Tvxal  feet  in  thickness,  and 
occors  as  a  series  of  Tmcoonected  basins.    The  next  ironsttne  bed 
occurs  oTer  the  ojol.  knovn  on  the  north  outcrop  at  Dowlais  as  tiie 
Old  Man's  Coal  or  Gwr-hjd  Coal,  while  at  Abercam  and  Risca,  w 
the  soathem  oatcrop,  it  receives  the  name  of  the  Charcoal  Seam 
and  Bock   V»n  respectirelT.     This  is  also  a  seam  of  blacklnnd, 
and    u    worked    at   Abercam    under  similar  conditions  to  the 
Mynyddysllwyn  bed;    considerable  quantities  of  this  ore,  which 
works  well  in  the  furnace,  have  been  raised.     These  irregular  beds 
are  the  only  s»eam,5  of  ironstone  that  have  been   worketl  in  the 
upper  serie??. 

The  lower  series  contains  so  many  strata  of  ironstone  alteraating 
with  coals  ami  shales  that  it  would  be  impossible  even  to  notice  aU 
of  those  which  have  been  more  or  less  worked  ;  many  of  them  are 
not  persistent  over  the  whole  field,  and  consequently  vary  in  thick- 
ness within  comparatively  short  distances.*      Many  of  the  iron- 
stones, however,  exhibit  a  marked  similarity  both  in  structure  and 
composition  throughout  a  large  portion  of  the  district,  and  there 
can  be  little  doubt  that  some  of  them  exist  as  continuous  beds. 
The  Tliree-quartcr  Balls,  which  in  all  the  eastern  parts  of  the 
coal-field  are  traversed   by  numerous   fissures  containing  quartz, 
calcite,    spathose    iron    ore,   millerite    and    hatchettine,   may  be 
(juoted  as  an  example.     The  ironstone  measures  of  South  Wales 
are   exceptionally  regular   and  well  develoi)ed    near   Ebbw  Vale, 
where  they  are  extensively  mined,  as  they  are  also  at  Blaenafon, 
Pontypool,    Abercam,    Dowlais,   &c.      These   ironstones   in  their 
raw  state  contain  from    twenty-one   to   thirty-eight  per  cent,  of 
rnotallic  iron,  in  addition  to  which  traces  of  copper,  lead,  and  even 
»  "  The  Iron  Otv»  of  Gnat  Biitain,"  Man.  OmI.  Surrey,  part  iii..  South  Wi]e«. 
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r,  are  sometimes  present.     The  annual  production  of  ironstone 

tbe  Coal-measures  of  South  Wales  is  about  ITO.l'HIO  tons,  but 

large  quantities  of  hieraatite  and  other  ores  nre  imported  from 

hitehaven,  Lancjishire,  and  elsewhere,  for  supplying  tbe  iron- 

of  tbe  district. 

South  Wales  the  lower  beds  of  the  Permian  series  sometimes 
83  bacmatite,  but  such  deposits  are  of  a  local  character  only, 
are  usually  found  in  basin-like  hollows.     One  of  these  baeius, 
Bed  some  yeais  since  at  MwjTidy,  near  Llantrissant,  baa  yielded 
quantities  of  ore,  and  had  evidently  been  extensively  worked 
orae  long  past  and  forgotten  period,  since  numerous  old  work- 
together  with   tools   and   other  relics,  were   discovered   in 
Eining  the  mine.     A  similar  deposit  occurs  at  Gwar  Coch,  about 
miles  north  of  Forth  Caul.     It  overlies  the  limestone,  and 
etimes  contains  .is  much  iia  35  per  cent,  of  oxide  of  manganese, 
I  almost  giving  it  the  character  of  a  manganese  ore. 
'According  to  the  returns  of  the  Mining  Record  Office,  South 
Jes  produced  no  haematite  ores  in  1881,  but  during  that  year 
>pn)duction  of  brown  iron  ore  in  South  Wales  and  Monmouthshire 

ited  to  ha%'e  been  81,372  tons. 

I  Cardiganshire  and  Montgomeryshire. — Tbe  met.-Jliferous 
ict  of  Cardiganshire  and  Montgomer^'shire  consists  of  a 
of  clay  slates  and  gritstones,  chiefly  of  Cambrian  age,  ex- 
Qg  for  a  distance  of  about  forty  miles  in  a  N.NJE.  and 
?.S.W.  direction,  and  varying  in  width  from  five  to  twenty-two 
niiles,^  Large  areas  in  this  di.strict  do  not  appear  to  contain 
mineral  veins,  and  those  which  do  so,  and  which  are  known  to  be 
productive,  are  usually  characterised  by  some  lithologiciil  peculi- 
arity of  their  rocks.  No  rocks  of  igneous  origin  are  found  in 
uiy  portion  of  this  region,  and  the  occurrence  of  the  lodes  in  beds 
ing  to  one  epoch  only,  renders  it  impossible  to  fix  their 
il  age  with  any  degree  of  accuracy.  Moreover  the 
11  of  the  lodes  afifords  no  clue  for  the  determination  of 
tii'ir  relative  ages,  since,  however  different  may  be  their  strike, 
no  decided  difference  can  be  observed  in  their  filling,  neither  is 
there,  on  the  other  hand,  any  such  evidence  of  tbe  passage  of  one 
through  another  as  would  allow  of  their  being  thereby  classified 
into  groups.  The  appearance  of  tbe  outcTop  of  the  veins  of  this 
district  is  usuidly  devoid  of  such  marked  characters  as  would  attract 
the  attention  of  those  accustome<l  to  find  gossans  resulting  from 

'  W.  W.  Smytli,  "  Ou  Ibe  Mining  District  of  Cnnligansliire  and  Montgomery 
•lun,"  Jfnn.  Oeol,  .Vwrwi/,  vol.  ii.  jxut  ii.  1818.  p.  665. 
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Plymluinon,  includes  tlie  highly  argentiferous  lead  lode  of  Llan- 
Clydogau,  while  some  miles  to  the  north  are  various  lodeu 
iuctive   of    common   lead   ores,   ussuciated   with    blende    and 


18  fifth  metalliferous  band,  ranging  along  the  east  of  the 
ion  ridge,  comprehends  the  mines  of  Cwm  Ystwj'th,  and 
ent  veins  worked  in  the  upper  valleys  of  the  Wye  and  Severn, 
I  well  as  the  more  imjx)rtant  works  of  Delife  and  the  group  of 
llel  lodes  near  Llanbrynmair.  BeginniBg  with  the  elevated 
DU8  on  which  the  Teifi  pools  are  situated,  the  southern  part  of  this 
livision  is  characterised  by  frequent  intercalations  of  arenaceous 
er,  which  to  the  north  are  succeeded  by  argillaceous  shales, 
is  remarkable  that,  while  throughout  the  former  area  copper 
ites  is  so  common  a  constituent  of  the  lories  as  to  be  separately 
etomed  from  several  of  the  mines  therein  situated,  in  the  latter  it 
1  bat  seldom  found. 
The  sixth  division,  although  circumscribe<l  on  the  east  and  north 
the  gritty  beds  cropping  out  from  beneath  the  Wenlock  Shales, 
opreheuds  a  few  mines  in  the  neighbourlnjod  of  Llanidloes,  which 
■  remarkable  from  the  lead  being  accompauied  by  witherite  and 
avy  spar,  neither  of  which  minerals  are  known  to  occur  in  any 
Blher  part  of  the  district. 

In  the  same  zone  might  be  included  another  group  of  lead  veins 
ituated  in  the  part  of  the  district  around  Llaiigynnod,  at  a  distance 
of  ne.T,rly  thirty  miles  from  the  lodes  above  mentioned.  These  last 
rnverse  slaty  rocks,  and  the  ores  of  lead  and  zinc  which  they  aflford 
re  often  associated  with  witherite  and  heavy  spar.  The  country 
cks  however  difler,  inasmuch  as  that  beds  of  porphjTy  and  of 
arious  crystalline  ro<'ks  of  volcanic  origin  are  intercalated  between 
HP  slates. 

The  most  general  strike  of  these  lodes  is  E.N.E.  and  W.S.W. 
Although  this  direction  is  for  short  distances  subject  to  frequent 
^ftriations,  nearly  aJ]  the  most  important  deposits  agree  witluu  a 
pw  degrees  with  this  course.  The  dip  is  most  frequently  towards 
he  south,  generally  varying  between  GO"  and  80°  from  the  horizon. 
I  some  cases  however  the  inclination  is  iu  the  contrary  direction, 
I  the  occasional  flattening  of  the  angle  is  not  found  in  so  marked 
>  UUuiner  as,  in  some  mining  districts,  to  cause  a  dimin\ition  of  the 
iuctiveness  of  a  lode. 

The  filling  material  of  the  vein  fissures  in  this  part  of  Wales  is 
'the  most  part  slate  in  angular  fragments  of  all  sizes,  from  the 
minute  particles  to  large  masses  sometimes  fathoms  in  length 
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and  height,  forming  homes  which  split  the  lode  into  two  or  more  dis- 
tinct branches.  Its  most  common  associate  is  quartz,  and  upon  tin 
structure  and  colour  of  this,  the  miner,  to  a  large  extent,  bases  liji 
opinion  of  the  probable  value  of  the  lode ;  in  doing  this  he  mak«i 
a  distinction  between  opaque  massive  quartz  and  the  dnuj 
cellular  and  sometimes  granular  varieties  which  usually  accomptny 
deposits  of  ore.  Calcite  occurs  in  small  quantities  only,  and  floor 
spar,  which  elsewhere  is  so  common  an  attendant  of  lead  ores,  it 
here  entirely  unknown.  Qalena  is  met  with  in  the  mines  of  tliis 
district  crystallized  either  in  cubes  or  octahedra,  or  in  combinatiou 
of  the  two  forms,  and  it  is  to  be  remarked  that  the  argentiferous 
varieties  are  as  often  well  crystallized  as  those  which  do  not 
contain  silver. 

Cerussite  is  sometimes  found  as  a  product  of  decomposition  un 
the  outcrops  of  a  few  lodes  only.  Blende  is  frequently  more 
plentiful  than  galena,  but  calamine  has  not  been  found  in  any  con- 
siderable quantities  excepting  in  the  Nant-y-Creiau  Mine.  Copper 
pyrites  in  irregular  spots,  is  often  mixed  with  the  galena,  and  iron 
pyrites,  which  is  sometimes  sprinkled  in  the  form  of  cubes  through- 
out the  slate  rock,  is  found  abundantly  in  the  lodes  of  this  district 
Chalybito  is  met  with  in  the  form  of  branches  in  the  vicinity  of 
some  of  the  veins,  and  an  ore  of  manganese  has  been  obtained  from 
old  workings  on  the  Drosgol  hill,  near  Rheidol ;  it  is,  however,  an 
impure  hydrous  oxide  of  but  little  commercial  value. 

The  various  minerals  filling  the  veins  of  these  counties  are  rarely 
disposed  with  such  regularity  as  to  lead  to  the  conclusion  that  the 
deposition  of  one  substance  had  ceased  before  that  of  another  had 
commenced  ;  they  usually  occur  in  strings  and  spots  whicii  are 
sometimes  parallel  for  shoi't  distances,  but  they  more  frequently 
ramify  in  an  irregular  manner,  and  often  form  a  network  of 
branches.  Generally,  however,  it  may  be  observed  that  the  calcite 
takes  the  inner  side  of  the  quartz,  whether  occurring  in  drusy  cavi- 
ties or  in  ribs,  and  galena  appears  to  occupy  an  analogous  position 
with  regard  to  blende.  A  structure  of  this  kind,  varying  constantly 
in  its  details,  exhibited  by  the  Estymteon  lode,  is  represented  in 
Fig.  52,  iu  which  a  i§  copper  pyrites,  b  quartz,  c  blende,  d  iron 
pyrites,  and  e  galena. 

When  a  deposit  is  of  considerable  thickness  the  metalliferous 
jmrtion  of  it  fre(iucntly  exhibits  a  tendency  to  form  in  bands,  and 
wherever  one  of  these  becomes  wedged  out,  another,  and  nearly 
parallel  strip*-,  commences.  *"  '  »  *  aplice,  as  shown  in  Fig  53,  in 
which  n  !uid  /'  ror»"  and  nearly  parallel  masses 
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ore  which  form   a  splice   with    overlapping  euds.     As  before 

alioucd,  the  structure  of  the  veiustoues  of  this  part  of  Wales  is 
frequently  brecciated,  angular  fragments  of  slate  Ix-ing  united  by  a 
ceratnt  consisting  either  of  quartz,  galena,  or  blonde,  while  more 
ijrelv,  a  grOund-mass  of  calcite  encloses  angular  pieces  of  galena, 
chalcopyrite,  or  blende. 

Cross-courees,  generally  filled  witli  clay,  but  sometimes  appearing 
ismere  partings  in  the  rock,  are  not  uiifrequent,  and  occasionally 
Iicave  the  lodes  for  a  distance  of  several  feet ;  they  are,  however, 

I  common  than  in  many  other  mining  districts.    The  country 
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Itocks  on  the  opposite  sides  of  many  of  the  lodes  have  been  art'ect«d 
by  unequal  movements  resulting  in  the  displacement  of  one  or  both 
of  the  walls ;  but,  from  the  absence  of  easily  recognised  beds,  it 
becomes  difficult  to  measure  any  change  of  level  which  may  have 
I  taken  place. 

Numerous  facts  have  been  observed  with  regard  to  the  orc- 
e^ng  portions  of  these  lodes  which  are  in  perfect  accordance  with 
le  experiences  of  other  districts.     Thus  when  two  lodes  approach 


Flo.  fill.— Vein  furmlng  a  siillce. 


one  another  under  a  small  angle,  their  junction  is  usually  marked  by 

i^an  expansion  of  the  deposit  of  ore,  and  a  similar  effect  is  produced 

rhen  branches  or  short  veins  fall  into  the  principal  lode ;  the  effect 

teing  the  same  whether  this  falling  together  of  the  branches  takes 

place  along  the  line  of  strike  or  on  that  of  the  dip.     The  same 

esult   is  observed  in  a  greater  degree  where  two  or  more  lodes 

come  united  into  one.     The  productive  portions  of  the  lodes  are 

erally  more  continuous  in  their  vertical  than  in  their  liorizontal 

je,  and  they  have  most  frequently  an  inclination  towards  the 

i.     From  this  circumstance  it  might  he  inferred  that  they  run 
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parallel  to  the  bedding  of  the  more  metalliferous  rocks,  but  Mr. 
Smyth  is  inclined  to  believe  that  they  more  frequently  conform  to 
the  planes  of  cleavage  of  the  country  rock  than  to  those  of  its 
bedding.     The  lead  veins  of  this  part  of  Wales  diflfer  niateriail.i[ 
from  those  of  Cornwall  in  one  important  point,  namely,  that  whez^- 
ever  they  pass  from  a  harder  to  a  softer  rock  their  mineral  contei».-t8 
decrease  in  quantity. 

In  the  year  1881,  the  most  important  operations  carried  on  in 
Cardiganshire  were  those  of  the  Lisbume  Mines,  which  produc^ad 
during  that  year,  1,005  tons  of  lead  ore,  and  3,550  oz.  of  silv^s. 
The  most  productive  mine  of  Montgomeryshire  during  the  sacxae 
period  was  the  Van,  yielding  2,600  tons  of  lead  ore,  1,400  tons  of 
blende,  and  23,400  oz.  of  silver, 

Merionethshire. — This  county  comprehends  no  extensive  or 
largely  productive  metalliferous  areas,  but  is  remarkable,  inasmix..cb 
as  that  some  of  its  rocks  enclose  veins  which  have  been  long 
known  to  be  auriferous.  The  gold-bearing  district  would  app^^ar 
to  be  mainly  confined  to  about  twenty-five  square  miles  of  't^.he 
country  lying  on  the  north  of  the  turnpike  road  leading  &r<oxn 
Dolgelly  to  Barmouth.  In  this  district  the  Cambrian  rocks  a^e 
overlain  by  others  of  Silurian  age,  and  about  half  way  between 
the  two  places,  a  stream  which  descends  from  the  higher  range  of 
LlawUech  discharges  its  waters  into  the  Mawddach  river  belo-w 
Pontddu.  On  either  side  of  this  rivulet  rises  a  mountain,  one 
being  the  Vigra  and  the  other  the  Clogau,  in  both  of  whicsh 
copper  mines  have  been  worked  intermittently  for  many  yeajcs. 
Among  the  mines  which  at  one  period  attracted  the  greats  st 
amoimt  of  attention  are  the  Vigra  and  Clogau,  the  Dol-y-frwpc^^, 
the  Cofn  Coch,  and  the  Prince  of  Wales. 

So  long  ago  as  the   year  1844,  a  paper  was  read  before  tt::^'^^ 
British  Association  by  Mr.  Arthur  Dean,  who  stated  that  acona*^"^" 
plete   system   of  auriferous  veins  existed   throughout  the  whor'*^. 
Snowdonian  region   of  North   Wales.      In   consequence   of  tht--*^^^* 
and  of  equally  sanguine  statements  made  by  others,  mining  opers^*^"^" 
tions  were  shortly  afterwards  commenced  at  Cwm  Eisen,  but  th*^^ 
results  obtained  being   unsatisfactory,  the  mine  was  abandonee^ 
About  two  years  subsequently  to  this,   machinery   for   crushin. 
and  amalgamation  was  erected  at  Dol-y-frwynog,  but  the  trea*''-^'' 
ment  of  several  hundred  tons  of  veinstone   having  resulted  i-^C^" 

the  production  of  only  a  small  amount  of  gold,  the  operatioi ^^^ 

were  suspended. 

Amonjr  the  auriferous  -    '      which  have   from  time   to  \xb^::^g 
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h  been  worked  in  North  Wales,  tlint  opened  in  tbe  Clogau  Mine 

^  /las  been  by  far  the  most  productive.     At  Clogau  the  workings 

ha%'e  been  exclusively  conducted  upon  tbe  St.  David's,  or  Gold 

Lode,  which  is  situated  nearly  a  mile  further  north   than   that 

furruerly    worked    for  copper.      At    a    short    distance    north    of 

tbe  St.  David's  Lode,  the  massive  greenish  grits  of  tbe  Cambrian 

gj'stem   emerge    from   beneath    highly    inclined    beds   of    Lower 

Silurian  age.     The  vein,  which  courses  nearly  E.  and  W.,  is  often 

from  two  and  a  half  to  nine  feet  in  width,  and  commonly  lies 

between  two  distinct  walls,  especially  on  the  southern  side ;  it  is 

usually  almost  peqiendicular,  but  sometimes  dips  slightly  towards 

the  north. 

It  is  chiefly  composed  of  quartz  and  calcite,  the  latter  mineral 

sometimes  forming  masses  of  several  feet  in  width  ;   where  the 

<ia.lcite  assumes  the  appearance  of  a  friable  and  granular  marble, 

't.    not  unfrequcntly  contains  gold,  but  when,  on  the  contrary,  it 

»>ecome3  foliated  or  is  coarsely  grjinular,  that  metal  ajipeurs  to  be 

Entirely   wanting.      Spots   of  iron   pyrites  and   cbalcopyrite   are 

•fequently  scattered    through  the  veinstone,  which    circumstance 

<ioused  the  vein  to  be  originally  regarded  as  a  copix;r  lode.     Frag- 

*toents  of  the  country  rock  are  often  included  in  the  vein,  and  a 

^ew  yellowish  metallic  jtoiuts  and  crystalline  spangles  and  plates 

of  gold  are  sometimes  disseminated  in  the  lode.     With  the  gold  is 

x»ot  unfrequently  associated  the  compound  of  tellurium,  bismuth 

^uid  sulphur,   known  as  tetrad^nnite,  which   occurs  in  crystalline 

^M^es  of  silvery  whiteness  and  of  brilliant  metallic  lustre.^     The 

laminae  of  the  country  rock  on  either  side  of  the  lode  strike  only 

ak  few  degrees  more  to  the  N.  of  E.  than  the  lode  itself,  and  they 

SLte  consequently  intersected  at  so  small  an  angle  that  in  places 

^whcre  the  lode  is  somewhat  obscure  it  occasionally  requires  care 

•ou  the  part  of  tbe  miner  to  prevent  turning  off  into  the  country 

Tock.     Another   noticeable   feature   of  this   vein  is  the  frequent 

occurrence    of    nearly    huri^iontal    planes   of   divifiion    crossing   it 

from  one  side  to  the  other.     In  width   the    St.  David's  Lode   is 

even  more  than  usually  variablpj  for  although,  as  before  stated,  it 

is  sometimes  nine  feet  in  width,  at  others  it  is  reduced  to  a  mere 

fissure. 

^■^       The  experience  acquired  from  tbe  working  of  this  and  other 

^^^^  in  North  Wales  goes  to  show  that  the  only  rpmunerative 

^^^^^^B       I  that   small    proportion   of    the   lode  which   contains 


Ih.      "  r.oli    MiniiiK  »t   Clognu,    North   Wales,"    'A- 
tvl.  i.  3861,  p.  35D. 
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vbible  gold,  and  that  this  is  not  usually  present  'in  sufficient 
quantities  to  pay  the  expenses  of  mining  &C.;  several  rich  bunches 
of  gold  quartz  have,  however,  been  found  in  the  St.  David's  Lode, 
and  for  a  short  time  the  Yigra  and  Clogau  Mines  were,  on  a 
comparatively  small  scale,  very  profitable. 

The  total  weight  of  gold,  of  an  average  value  of  £3.  45.  per  oz. 
obtained  in  North  Wales  from  the  end  of  1844  to  April,  1866,  is 
estimated  as  follows : — 

Oz, 

Old  Dol-y-frwynog 117 

Prince  of  Wales 63 

Cwm  Eisen 176 

Gwyn-frwynog 6 

CefnCoch 478 

Castell  Cam  Dochan 182 

Vigra  and  Clogau 11,778 

12,800 

Only  a  very  small  quantity  of  gold  has  been  obtained  from 
the  Welsh  mines  since  1866.  Mining  operations  have,  however, 
been  for  some  years  carried  on  at  Clogau  with  the  view  of 
reaching  the  St.  David's  Lode  at  a  greater  depth  than  any  at 
which  it  had  been  hitherto  worked.  Shortly  after  the  intersection, 
in  1881,  of  the  lode  by  this  deep  cross-cut,  it  was  understood  that 
about  225  oz.  of  gold  had  been  obtained  from  a  level  driven 
upon  its  course,  but  no  announcement  of  any  further  discovery 
has  been  recently  made. 

In  the  Mawddach  valley,  a  little  below  Tyn-y-groes,  but  on  the 
other  side  of  the  river,  is  the  Glasdir  Copper  Mine,  where  the  ore 
instead  of  being  contained  in  a  lode,  is  disseminated  in  an  altered 
slaty  rock.  The  iron  pyrites  and  chalcopyrite  which  here  occur 
are  found  in  the  \-icinity  of  the  branches  of  an  eruptive  felspathic 
rock  which  has  broken  through  the  slate  in  all  directions.  When 
prepared  for  market  this  ore  yields  only  a  small  percentage  of 
copper,  but  contains  a  little  silver,  and  from  one  to  one  and  a  half 
ounce  of  gold  per  ton.  The  annual  returns  from  this  mine  were 
very   inconsiderable. 

Flintshire  axd  Denbighshire. — In  this  mining  area  a  long 
series  of  parallel  veins  course  across  the  Mountain  Limestone  into 
the  Millstone  Grit,  and  are,  further  east,  only  obsen-able  as  faults  in 
the  Coal-measures.  These  veins  are  intersected  by  a  system  of 
strongly  marked  cross-courses,  which  are  tt«cealsle  Cot  tbaivy  utvilea 
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Kq  kngth.  They  are  iisually  barren,  but  exceptionally,  as  in  the 
laeigliboarhocHi  of  Holywell,  they  have  aflbnletl  large  quantities 
■of  k*]  ore.  In  former  times  almost  fabnlous  amounts  of  lead 
l«rere  obtaineJ  from  these  mines,  the  galena  having  been  fre- 
Iqnently  found  in  a  state  of  purity  and  solidity  not  often 
mijualleil  elsewhere.  Wlien  unproductive,  theao  veins  are  usually 
pUled  either  with  opaque  calcite  or  with  plastic  clay,  and  the 
piperations  of  the  miner  are  often  impeded  by  an  unusually  large 
inflnx  of  water.  The  nmst  remarkable  mines  of  this  district  have 
been  Tatargoch,  near  Rhyl,  and  Minera,  sis  miles  north-west  of 
■Wrexham. 

I  Many  of  the  lead  mines  in  this  district,  and  particularly  some 
Fof  tbose  in  the  neighbourhood  of  Mold,  have  been  remarkable  for 
the  large  quantities  of  white  lead  ore,  cerussite,  which  they  have 
yielded  when  the  veins  intersect  the  sandstones  of  the  Millstone 
Grit.  Large  quantities  of  this  ore  have  also  been  obtained  from 
pipe  veins  which  had  evidently  been  cavities  produced  by  the  action 
of  water,  ami  subsequently  filled  with  various  mineral  substances 
brought  into  them  in  a  state  of  solution. 

Minera,  which  was  not  long  since  the  most  productive  lead 
mine  in  Groat  Britain,  occupies  a  considerable  portion  of  a  patch 
of  Mountain  Limestone  which  has  been  disrupted  by  faults  from 
the  southern  extremity  of  the  miruug  area  of  Flintshire.  On  the 
rthcrn  side  there  is  a  downward  displacement,  while  on  the 
uthem  there  is  a  throw  towards  the  east.  The  sett  conq:)rehend3 
portions  of  the  Coal-measures  and  of  the  Millstone  Grit  together 
with  certain  underlying  Silurian  rocks. 

The  Mountain  Limest<^>ne  of  thi.?  district  rests  unconformably 
upon  Lower  Silurian  strata,  but  somewhat  further  south,  thin 
sandstones  and  slates  of  Devonian  age  are  interposed  between  the 
limestone  and  Upper  Silurian  shales.  The  Carboniferous  Limestone 
is  here  usually  overlain  by  Millstone  Grit  varying  in  thickness  from 
0  to  200  feet,  and  this  is  occasionally  covered  by  true  Coal- 
easurcs ;  while  in  some  places  the  Millstone  Grit  is  entirely  absent 
and  the  Coal-measures  rest  immediately  on  the  limestone.  These 
different  strata  are  frequently  much  disturbed,  and  afford  examples 
itf  almost  every  description  of  mineral  vein  varying  from  true 
IcNies  to  thin  branches  and  strings  of  ore,  generally  destitute  of 
treinstone.' 
I      Two  principal  lodes  are  worked  in  this  mine,  namely,  the  Old 

B    '  George  DirlinRton,  "  Mineral   and  Geological    Sketch  of  the  Mincn  Mining 
K«Ut,"  Minifuj  and  Smell iiuj  Moj/minc,  vol.  ii.  1862,  p.  207.  ^^^ 
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Vein   and  the   North   or   Red   Vein.     The   Old  Vein  has  beei 
formed  in  a  fissure  presenting  all  the  characteristics  of  a  fJault,  wit^T^sh 
a  dovnithrow  to  the  N.E.     Its  course  is  nearly  S.K  and  N.W.  ~  "^.^ 

with  a  dip  of   about   80'   from   the   horizon  towards  the  N.E.  ..; 

this    vein    at   times    swells  out  into  large   masses  of  ore  aa»-.^(] 
gangue,  the  latter  chiefly  consisting  of  calcite  and  pulverulen 
quartz;  it  then  again  decreases  in  size  and  becomes  nipped 
otherwise  impoverished.     In  some  places  it  attains  a  thickness  aczzmt     ! 
fifteen  yanls,  while  five  yards  is  by  no  means  an  uncommon  width     ^ ; 
and  in  such  cases  two  nearly  parallel  levels  were  sometimes  driveK:  «n 
at  the  same  horizon  in  the  vicinity  of  its  walls. 

Towards  the   west  the  veins  undergo  a  change,  becoming'~itf 
themselves,  less  profJuctive,  but  apparently  acting  as  feeders  U^-zJto 
various   irregular   pipes  and   floors  of    lead  ore.      Under    theso^^se 
conditions  some   exceedingly  rich    deposits    of   ore    have    beeii^'^a 
met  with,  and  the  enormous  cavern-like  excavations  found  ir-KL^-au 
various  parts  of  the  older  workings  sufficiently  attest  the  truth  ofc.«=9o{ 
statements  which  have  been  handed  down  respecting  the  laig^»'3S^ 
amounts  of  ore  which  were  obtained  from  them.     In  this  part  ok^^  of 
the  mine  the  country  rock  is  a  compact  white  limestone,  and  the^-c^c 
ore  deposits  are  unaccompanied  by  veinstone  of  any  kind.    The^-«Ae 
vein  fissures  are  often  very  open,  and  show  evidence  of  the  actioiiK:«'<i3)n 
of  carbonic  acid  upon  the  limestone.   These  openings  form  channelffaJ^fa 
ft-'r  the  passage  of  immense  quantities  of  water,  carrying  with  it^^i  it, 
in  rainy  seasons,  a  considerable  amount  of  clay  and  sand. 

Near  the  eastern  extremity  of  the  workings,  this  vein,  in  the^  jr:Ch< 
up|>er  levels,  occurs  in  slates  and  shales  belonging  to  the  Coal— X.*3al 
measures  and  Millstone  Grit,  and  is  usually  very  poor.  At  agreateiKi^^ctei 
depth  it  intersects  the  Carboniferous  Limestone  and  becomes  to-^  t< 
some  extent  productive  for  lead  ore,  but  instead  of  being  fille£>^^»  ec 
with  galena,  the  vein  is,  to  a  large  extent,  made  up  of  brown  blende^»-Ede 
which  is  frequently  well  crj-stallized.  This  ore  is  mixed  wittC**  itl 
pulverulent  and  massive  quartz,  and  contains  disseminated  masses  ■^^^i 
of  galena. 

The  North  Vein,  like  the  Old  Vein,  to  which  it  is  nearlj^iTrrlj 
parallel,  has  been  formed  on  a  line  of  fault,  and  has  adown-throv5r"«=)w 
to  the  N.E.,  but  apparently  to  not  quite  so  great  an  extent ;  its  thrown'  «rDW 
however  increases  towards  the  east.  The  deposits  of  ore  in  thL^  .tuis 
vein  have  often  been  exceedingly  pure  and  massive,  frequently  con.«rx:*n- 
taining  not  more  than  15  per  cent,  of  impurity  as  drawn  from  th'  Mrfhe 
mine.  The  character  of  the  ore  and  its  associated  minerals  differ«:^3rs 
in  some  respects  from  those  of  the  Old  Vein  in  the  same  grounc:^  mtd. 
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ore  is  steely  and  fiue-graineil,  wjtL   very  little  admixture  of 
K-gFUDed  cubical  galena,  liut   .'Uthough  Hne-grained  it  seldom 
I  above  four  ounces  nf  silver  per  ton.     Blende  is  almost  the 
'  ttSOciate<i  mineral.     TLe  walU  of  tbia  »ein  are  very  imper- 
[lecUy  defined  and  sometimes  can  scarcely  be  said  to  exist. 

Id  1864  the  Minera  Mines  produced  lead  ore  and  blende  of 
Talue  of  £103,293;  of  late  years,  however,  the  yield  of 
ore  has  considerably  fallen  ofi^  although  a  larger  amount  of 
'bieoJe  has  been  annually  r^sed.  In  1881  those  mines  produced 
'1,394  tons  of  lead  ore,  5,468  tons  of  blende,  and  6,970  oz.  of 
|«lref.    Their  present  greatest  depth  is  15S  fathoms. 

In  1881   the  production  of  lead  ore  in  Flintshire  was  4,392 
DD8,  equivalent  to  3,297  terns  of  metallic  lead,  and  29,000  oz, 
silver. 

During  the  same  year  the  mines  of  Denbighshire  yielded  1,587 
,  of  leatl  ore,  or  1,193  tons  of  leatl,  and  7,055  oz.  of  silver. 
Anclesea. — Parys  Mountain  is  situated  about  two  miles  Inland 
rom  the  northern  coast  of  the  Island  of  Anglesea,  its  barrenness 
jntrasting  conspicuously  with  the  fertile  pasture  lauds  of  the 
«m)UDtling  country.  Its  height  above  the  sea  does  not  esceed 
iOa  kot,  but  altliough  tl»e  larger  portion  of  its  surface  is  covered 
sufficient  soil  to  support  ordinary  vegetJition,  it  nevertheless 
tly  produces  either  a  blade  of  grass  or  a  bunch  of  heather, 
tns  mountain,  which  was  at  one  time  widely  celebrated  for 
le  very  large  amount  of  copper  annually  obtained  from  its 
luthem  slope,  was  in  modem  times  first  systematically  explored  in 
he  year  17GS.  Since  that  period,  like  all  similar  enteq'irises,  its 
uines  have  been  subject  to  numerous  fluctuations,  but  they  have, 
sotTrithstAnding,  remained  con.stantly  in  operation.  They  lie  some- 
rlint  less  than  two  miles  south  of  the  town  of  Amlwcli,  and  are 
J«nclosed  in  a  band  of  Silurian  slate,  which  stretches  in  a  south- 
'csterly  direction  almost  across  the  island.  At  Parys  Mountain 
these  slates  are  intercalated  with  bands  of  felspathic  rocks  of 
'resuraably  eruptive  origin,  but  wliich  do  not  appear  to  have 
**er  been  carefully  examined.  The  sketch  section,  Fig.  54,  will 
-rve  to  explain  the  order  of  sequence  of  the  various  rocks.^ 

The  northern  slope  of  the  mountain  consists  of  slate,  a,  in  which 

-Cur  small  irregular  branches  of  quartzose  and  felspatliic  rock, 

jether  with  occasional  bands  of  a  greenish  trap.     This  is  followed 

a  very  powerful  quartz  veiu,  b,  which  traverses  the  hill  from  one 

»  T.  P.  Erana,   "The  Mines  of  the  Parys  Monnt«ui,"   Tran*.  lfancfie«t«r  Otol. 
'.,  Tol.  liT.  1878,  p.  357. 
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side  to  the  other,  and  is  known  as  the  Caneg-y-doll  Lode.  To  this 
succeeds  a  thick  band  of  felstone,  e,  which  varies  considerably  both 
in  colour  and  in  texture.  A  band  of  deep  blue  slate,  a',  follows  this 
on  the  south,  and  is  itself  succeeded  by  another  band  of  felspathic 
rock,  e',  very  similar  to  the  last,  beneath  which  is  the  slate,  a'.  As 
shown  in  horizontal  section.  Fig.  -55,  the  rock-mass  is  traversed  nearly 


tea'  r'  a' 

Ki ;.  5t. — Fuji  MoonUin  ;  tnnsTcne  Kctioa. 


at  right  angles  to  the  strata  by  two  distinct  faults,  known  respec- 
tively as  the  Great  Cross-course  and  the  Carreg-y-doU  Cross-course. 
The  former  is  of  considerable  width,  varying  firom  20  to  60  feet, 
filled  with  broken  and  crushed  fragments  of  the  neighbouring  rocks, 
and  interfering  considerably  with  the  continuity  of  the  strata.     The 


Fir.,  a. — Fu-rs  MoouUin  :  li<>riz->DtAl  section. 


latter,  on  the  contrary,  b  a  mere  transverse  cleft  which  has  but  little 
eft'ect  on  the  relative  positions  of  the  rocks  forming  its  sides. 

The  central  dislocated   bl<xrk  of  the   felspathic   rock,  e,  lying" 
between  the  two  cross-courses  exhibits  eridence.s  of  decomposition, 
and  disintegration  which  are  not  met  with  in  other  portions  of  its 
counts,  and  it,  in  many  places,  *■  a  soft  coneretionarv  mass 


rkwr  II. 


I  containing  so  many  shell-like  nodules,  that  the  miners  have  given 
I  it  the  name  of  Can-fg-y-Grogan,  or  shell -stone.  In  these,  kernels 
p     of  copfn?r  pyrites  occur  in  such  large  quantities  that  this  ground  has 

■  ne  of  the  most  profitable  resources  of  the  mines. 
^  ».•  .addition  to  the  foregoing,  and  beginning  at  the  north  in  the 
^Bkiuid  a,  a  large  deposit  of  copper  pyrites  associated  with  quartz. 
p  fic,  known  as  the  North  Discovtry  Lode,  extended  from  a  few 
I  futhonis  west  of  the  Great  Cross-course  for  a  distance  of  90 
I  fnthoms  westward.  This  more  nearly  resembled  an  ordinary  lode 
I  than  any  other  which  has  been  discovered  in  the  ndues.  It  was 
I  well  d<.-fiued  and  was  enclosed  in  a  country  rock  of  hard  slate,  dipped 
I  at  an  angle  of  60°,  and  the  shoot  of  ore  which  it  carried  inclined  west- 
■iv:,!-,]  at  the  rate  of  three  feet  in  a  fathom.  It  was  also  distinguished 
I  jV'Tii  all  other  similar  deposits  by  the  almost  complete  absence  of 
I  felspathic  rocks.  This  great  deposit  has  now  been  completely 
k  worked  away,  after  having  yielded,  in  the  aggregate,  copper  ores  of 
V    the  value  of  about  a  niillion  pounds  sterling. 

I  With  the  exception  of  sotao  small  quartzose  strings,  sometimes 

I  containing  a  little  copi>er  pyrites  with  blende  and  galena  of  no 
I       commercial  value,  no  ore  occurs  between  this  and  the  Carreg-y-doll 

■  Lode.    This  is  an  immense  sheet  of  quartz,  h,  varying  from  five 

■  to  sixty  feet  in  thickness,  and  sometimes  containing  valuable 
I  bijDches  of  copper  pyrites  ;  iron  pvrites  is  also  present,  but  not  in 
I  such  large  quantities  as  in  the  rocks  lying  to  the  south.  This 
I  iode  contains  druses  or  vughs  of  extraordinary  dimensions,  one  of 
I        them,  cut  into   some  years  ago,  which  was  beautifully  lined  with 

'  nystals,  being  no  less  than  eight  fathoms  in  length  and  four 
m  height.  The  bunches  of  ore  in  this  Imle,  like  those  before 
t^escribed,  exhibit  a  tendency  to  dip  towards  the  west. 

The  large  felspathic  band  c  also  encloses  considerable  deposits 

*''*  copper  pyrites,  which  occur  in  the  form  of  strings  and  bunches. 

*  "lis  ground  has  yielded  large  profits,  and  a  considerable  amount  of 

'-^'^p^ier  is  still  disseminated  through  the  rock,  but  it  is  too  sparsely 

^<iattered  to  repay  the  expense  of  mining  and  concentration, 

Extensive   as   these   deposits    may   be,   they   are    much    less 
*  *npK)rtant  than  are  those  which  occur  to  the  south  of  the  felspathic 
"a.tid,  and  which  lie  imme<liatcly  between  it  and  the  band  of  slate 
■*»arked  n'.     At  the  junction  of  these  two  rocks  the  mountain  has 
"«en  almost  divided  into  two  parts  by  two  large  open-cast  excava- 
tions varying  in  depth  from  110  to  140  feet,  and  occupying  an  area 
*»r  somewhat  more  than  twelve  acres  in  extent.    These  are  bounded 
on  the  Ti-ionh  by  the  hand  of  felspnthic  rock  marked  c,  at\d  otv  the 
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south  by  the  stratum  of  slate  a.     It  is  here  that  occurred  tl 
great  body  of  copjier  ore  which  once  exercised  a  considerable  ii 
fluence  upon  the  European  copper  market.     The  ores  did  not, 
au  average,  contain  more  than  5  to  6  per  cent,  of  coj)per.  but  for 
time  there  was  scarcely  any  limit  to  their  pos.sible  production, 
the  proprietflrs,  to  a  large  extent,  commanded  the  market. 

Ttie   metalUferous    uuiss   worked    in   these   open    cuttings 
composed  of  tliree  distinct  members,  namely  : — 

1st.  A  bed  of  iron  pyrites. 

2nd.  A  bed  of  copper  pyrites. 

3rd.  A  thick  bed  uf  an  ore  locally  known  as  bhiestone  some- 
times lies  beneath  the  rleposit  of  copper  pyrites. 

This  ore  varies  somewhat  in  composition,  but  the  following 
analysis,  made  by  Mr.  F,  Claudet,  may  be  taken  as  approximately 
representing  its  average  composition. 

Lead 14-40 

Copper 213 

Zinc 27-89 

Iron 11-45 

Sulphur 29-05 

Siliceous  rock 144 7 

99-45 

Silver. 6oz.  15dwt.  per  ton. 

Gold traces. 


The  iron  pyrites  and  chalcopyrite  invariably  o<icur  associated 
with  quartz  and  felspathic  rock,  but  the  bkiestone  is  usually  nearly 
pure,  containing  only  branches  and  nodules  of  white  quartz.  The 
stratum  of  this  mineral,  which  underlies  the  other  two  beds  of  ore, 
is  by  no  means  regular,  having  sometimes  a  thickness  of  from  50 
to  60  feet,  while  at  others  it  is  reduced  to  a  few  inches  or  entirely 
disappears.  It  occurs  in  its  purest  statu  when  intermixed,  in  tUe 
form  of  elongated  lenticular  masses,  with  the  enclosing  slai 
Large  quantities  of  this  ore  might  be  raised  if  a  aitisfactory  mark 
could  be  obtained,  but,  although  much  attention  has  been  bestow 
on  its  metallurgiftd  treatment,  none  of  the  processes  hitherto  trie« 
appear  to  possess  the  necessary  simplicity,  and  the  demand  is 
consequently  somewhat  limited.  The  beds  of  pyrites  and  blue- 
stone  appear  to  thin  out  in  descending,  while  that  of  copper  ore 
wo\dd  seem  rather  to  improv    '     '    •♦h. 
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After  the  precipitation  of  the  eopper.  the  vafter.  wludi  has  hcMi 
treated  bv  metallic  iron,  b  allowed  to  flow  into  lai]ge  baaias  sereral 
acre;  in  extent,  vhere,  bv  a  natoral  pioceas  oC  orrirtaticn,  it  deposits 
highlv  basic  salts  of  iron,  which  are  IvgelT  used  ibr  the  puifiea- 
tion  of  coal  gas  and  for  the  mannfactare  of  Tarioos  iroo-oxide  paints. 
Of  this  oehre  the  Ai^lesea  mines  sold,  in  18S1.  S.Oll  toos;  with 
!,Su  J  tous  of  bluentooe,  and  768  tons  of  copper  in  the  fona  of 
ami  precipitate. 


IsLB  or  Max. 

Underlying  the  Silurian  and  Carboniferous  rocks,  which 


are  | 


▼ell  represented  in  the  Isle  of  Man,  and  breakii^  throngh  them  in 
varioas  places,  are  grnnite  and  other  igneous  rocks.  The  granite 
is  found  at  the  sur&oe  in  two  localities,  one  in  tbe  north  of  tbe 
island  between  Laxey  and  Ramsey,  and  the  other  iu  the  centre  on 
tb«  eastern  side  of  South  Barrule.  In  addition  to  thes*  granitic 
onthursta,  dykes  of  porpliyry  and  diabase  exhibit  traces  of  volcanic 
action  in  all  parts  of  the  island.  Ev.?rywhere  the  adjocent  strata 
w  ^eatly  altered  by  contact  with  the  granite  or  other  igneous 
niek,  and  metalliferous  minerals  occur  abundautly  near  tbe  line  of 
ixiutacf. 

The  two  principal  mines,  Foxdale  and  Laxey,  are  situated  near 
lie  great  outbursts  of  granite  ;  Laxey  being  near  the  northern  and 
Foxdale  near  the  southern  mass.  Resting  on  the  granite  is  a  series 
of  slaty  rocks,  which  occupy  more  than  two-thirds  of  the  entire  area 
of  the  island.  Valuable  metalliferous  veins  traverse  tliese  slates, 
Mid  for  many  years  mines  have  been  worked  with  great  success 
both  at  Foxdale  and  Laxey,  and,  less  profitably,  in  several  other 
[aHs  of  the  island. 

At  Laxey  the  direction  of  the  main  lodes  is  about  8°  E.  of  N., 
'«'ith  an  easterly  underlie  of  two  feet  in  a  fathom.  At  Foxdale  the 
principal  lodes  course  8°  S.  of  E.,  with  a  southerly  underlie  also  of 
two  feet  per  fathom.  Tlie  main  lode  has  been  worked,  but  not 
<jiiite  continuously,  for  about  four  miles  on  its  east  and  west  course, 
M»d  in  this  distance  is  intersected  by  several  counter  veins,  and  by 
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at  least  three  north  and  south  reius,  all  of  which  have  a  dij 
the  wesL  The  Laxey  Mines  are  worked  exclusively  ; 
Silurian  slate,  but  in  the  Foxdale  Mines  the  deeper  vrorl 
entirely  in  granite,  which  was  reached  lifter  first  passing 
the  slate  into  a  layer  of  granite  thirty  feet  in  thickness,  i 
again  sinking  through  a  band  of  slate.  A  new  purpendict 
is  now  being  sunk,  which  is  intended  to  intersect  the  1 
depth  of  250  fathoms. 

Foxdale  is  remarkable  for  the  gpreat  size  of  its  main  lo< 
oecasionally  expands  to  a  width  of  forty  feet.  To  the  mil 
Toxdale  is  extremely  interesting.  In  the  largo  cavities 
in  the  lode,  maguificeut  ciystab  of  iridescent  galena  a 
found.  The  galena  h.<»3  occasionally  a  very  high  i>erc< 
silver.  Argentiferous  tetrahedrite  is  frequently  to  be  met 
also  are  splendid  pseudomorphs  of  iron  carbonate  after  fl 
resembling  those  formerly  found  at  the  Virtuous  Lady  ti 
Tavistock,  Recently  plumosite,  the  Ftdenn  of  the  Han 
has  been  discovered. 

Of  late  years,  a  remarkable  feature  has  been  the  prt 
large  quantities  of  carhouic  acid  gas,  given  otf  from  cr 
the  south  wall  of  the  lode.  At  the  present  time  (188J 
eastern  end  of  the  185-fathom  level,  the  amount  of  g 
large  that,  although  volumes  of  conipressed  air  are  co 
being  poured  iu  from  two  air-pipes,  the  men  experience  the 
flifficulty  in  working ;  and,  as  candles  will  not  bum,  the 
the  end  can  only  be  determined  by  the  ore  brought  out.  ' 
of  the  Foxdale  mines  during  the  year  1881  was  3,411)  ton 
ore  containing  69,080  oz.  of  silver. 

At  the  present  time,  the  deepest  portion  of  the  Lax< 
is  259  fathoms  below  the  adit.  In  1881  they  yield 
tons  of  lead  ore  containing  5,250  oz.  of  silver,  and  7,56' 
blende.  The  other  mines  in  the  Isle  of  Man  returning 
were  Ballacorkish,  wlicre  fine  specimens  of  the  carbon 
phosphates  of  lead  occur.  East  Foxdale,  Kirk  Michael,  ai 
Laxey. 

Evidences  of  mining  operations  for  copper  carried  on 
early  date,  have  been  observed  at  Bradda  Head.     This  lo( 
S.W.  comer  of  the  island,  is  one  of  the  finest  suiface  exhi 
a  mineral  vein  to  be  aeeu  in  Europe.' 

Several  attempts  have  been  made,  with  moro  or  lesii  s 

1  W.  W.  Smyth,  "  Metnllio  Mining,"  Stanford's  British  ManufaftuHnQ 
vol.  i.  1876,  p.  Ifi. 


rk  the  IuemSn!?1o()es  which  are  found  at  MaagholJ  Head,  near 

According  to  the  statistics  of  the  Mining  Record  Office,  the 
total  returns  in  18SI  from  mines  in  the  Isle  of  Man  amounted  to 
5,675  t'>ns  of  argentiferous  lead  ore  of  the  value  of  £76,513,  and 
7,507  tons  of  blende  worth  £28,701  ;  with  120  tons  of  haematite 
wrth  £60,  and  60  tons  of  copper  ore  worth  £90  ;  making  the 
toUil  value  of  metalliferous  minerals  produced  in  the  island 
£10."i.364. 


Iret.and. 

Mines  are  by  no  means  numerous  in  Irelatiil,  for,  although  ores 
of  various  metals  are  not  of  unfrequf^ut  occurrence,  there  wouhl 
appear  to  be  but  few  localities  in  which  they  occur  in  sufficient 
sbnmlance  to  render  their  extraction  remunerative. 

\Vi<  KLow. — The  county  of  Wicklow  is  composed  of  slaty  rocks 
diiefly  of  Lower  Silurian  age,  which  are  broken  through  by  masses 
of  gnuite  and  intersected  by  dykes  of  poqjhyrj'  and  greenstone. 
In  the  neighbourhood  of  the  granite  the  clay  slates  are  often  con- 
verted into  mica  schists,  granulite,  or  quartzite,  and  the  metalliferous 
deposits  of  the  district  are,  for  the  most  part,  compreliondfd  within 
a  somewhat  narrow  belt  extending  for  some  distance  on  either  side 
«f  the  junction  of  the  granite  and  schists.  They  may  be  divided 
into  three  principal  groups,  namely  : — 

1. — Deposits  of   copper  ores  and  of  cupriferous   iron    pyrites 
chiefly  in  Silurian  slates, 
2. — Lead  ores  in  granite. 
3. — Gold  in  the  sands  and  gravels  of  various  streams  near  the 

of  Croghan-Kinshella. 
There  are  several  copper  mines  in  the  county  of  Wicklow, 
xe  of  which  are  said  to  have  been  wrought  from  very  ancient 
»es.  Up  to  the  year  1839  those  of  the  Ovoca  district  were 
^orlce<l  exclusively  for  copper,  excepting  that  a  certain  amount  of 
'ead  ore  was  raised  at  Cronebane  and  Connary.  About  the  time 
"bove  rt>forred  to  a  sudden  demand  for  pyrites  sprang  up  in  this 
i'f»untry.  in  consequence  of  the  suspension  of  the  sulphur  trade  with 
»icily,  and  for  many  years  these  mines  were  worked  principally  for 
fiti  pyrites.  At  the  present  time  Irish  pyrites  has  been  almtwt 
intirely  superseded  in  the  manufacture  of  sulphuric  acid  by  that  ira- 
ftned  from  Spain  and  Portugal,  in  consequence  of  which  the  mines 
[of  Wicklow,  although  once  yielding  60,000  tons  of  pyrites  annnally, 
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rhe  farmer  vt  gn 
I  the  fthfffhiciDd 
At  ooe  time  tlu 
ttlof  miaenl  gnrai 
d  oM  I7  Mr  W.  ^ 
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10  ran  fanBd  viA  tW 

tfc*  lod<^   tet    it  kM   hWB 

ftiiftk  tlkat  tfi  tamm  ftmem  ihtj  m  1 

dtlvMigfc  MOM  of  tlwm  an  Iwtwmn  racfa^  iIm 
nipudcd  m  htiag  of  mrtaiporphie  origia. 

The  lode*  ttfma  which  mintng  opetatioM  have  beea 

caii  of  the  Ovoca  River  are  priadpallj  in  clay  state,       

a  \>ti\i  «xt«odiog  from  th«  Otroea  for  about  six  miles  in  a  oorl 
tAMtarlf  direction.  The  principal  lod«a  are  not,  however,  oootioac 
tbrooi^unit  this  divtanop.  bat  are  moch  iDtemipiMl  by  (aalU,  a 
■ometimet  hvcamt:  titlwr  greaUj  redaoed  in  widtb,  or  appewr 
dio  out  altogether ;  patches  of  dead  ground  sometimes  interve 
io  which  DO  regular  veina  have  been  discovered. 

In  W«rt  Cntiuih&ae  there  i*.  on  an  average,  a  licptli  of 
fathoim  of  firift  over  the  back  of  the  Iwfe,  and  omlcr  thia  th 
U  a  brt.'cc'ia  coinjumsd  of  angular  fragiaents  of  countrv  rock  cemen 
U^tfthir  b'y  hy'Jnil^  (ix'uUt  of  inm.  This  hitter  rests  upon 
gossan,  whifli  here  conHiMts  of  liiiionite,  nearly  the  whole  of  wL 
was  retnovprl  Home  years  since,  at  a  time  when  iron  ores  m 
in  ajrcuptiotiully  ^vni  doumiu].  Tn  ri  westi^rly  <lirection  the  bre< 
and  gossan  ^(rfuliiftlly  thin  out,  until  njwn  Tigroney  brow  both  h 
boon  removed  by  denudation,  and  the  unaltered  pyrites  makes 
ap|ieiirnncu  on  (luf  Hiirffu'i-.  In  Wost  Cronebane  the  goesar 
sottjft  i»lnct<j«  rt'ulH  iijmii  u  ft'rnigiuoiis  elay,  and  at  one  point  car 
is  pntNont.  ill  lln'  (<imi  iif  n  gnijiliifif  shale.  Occasionally  the  goi 
In  riiiiiid  (••  h'mI.  11)1  rluy  containing  patches  and  strings  of  melaco: 

'  1',  H,  Aix<ill,  "  *'  *  -  ^•l  tho  Anuiriit  and   Recent  Mining  Opentioni 
K««t  Ovo<»"  '.  Dublin  .SW.  vol,  il.  1880,  p.  211. 
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fthe 


utd  fahlerz,  with  occasioiuJ  Teins  of  pjnteft  eompoaad  of  rtnf  rhod 

sahVUke  cfysuls,  which  in  depth  beoocaa  riMwnliiktud  and  km 

ili'U  granokr  chancter.     In  pfoportioa  as  th«  thin  hnutchw  of 

tes  proceed  dovnwartis   tbej  imieMe   both    in   width    and 

umber,  thas  grada&llT  rephwing  the   t*"**"*^  of  the  *^^ffBng 

iiias  uDtil,  evento^j.  the  entire  width  of  the  lode  b  hhiuhmmJ  of 

jijntes.    Still  farther  down  the  iroo  pjrites  1>— <wihxv  OMwe  denae, 

lm(  U  freqnentlj  interiaminatcd  with  bandt  of  hatd  kiHas.  and 

iUO<ier  thetie  ciicamstanoes  th«  h&nlcsi  ribs  not  onfreqaently  eootain 

two  per  cent,  of  copper. 

At  Tigronej  and  West  Cnnebane  the  coantry  rock,  for  a  con- 
kroble  distance  both  north  and  south  of  the  grvat  pyrites  vein,  b 
by  fiQely  lilfsemiQated  partides  of  iron  and  oofipM' 
tes,  and  these  minerals  having  become  oxidized  near  the  sorboe 
a  reddish-brown  colour  to  the  partially  decompoeed  rocks. 
these  mineralized  rucks,  for  a  distance  of  25  fatbocns  tOQth  oi 
main  Icide,  are  lenticular  deposita  of  yellow  copper  ore.  As 
first  pointed  out  by  Mr.  Wearer,  these  rocks  are  travened  by 
hofizout.ll  joints,  of  wliicli  the  extent  is  unknown,  but  which  are 
sometimes  two  inches  in  width,  while  at  others  it  nould  be  diffi- 
cnll  to  insert  the  blade  of  a  knife.  These  joints  usually  occur  at 
iutonals  in  depth  of  about  five  fathoms,  and  are  crossed  nearly 
I  right  angles  by  a  system  of  almost  perpendicular  joints,  by 
bich  the  country  is  divided  into  huge  nearly  rectangular  masses. 
one  of  the  copper  deposits  are  accompanied  by  any  gossan ;  but 
hen  one  of  these  joints  comes  into  the  immediate  vicinity  of  a 
leposit  of  copper  ore,  it  becomes  partially  filled  with  small 
igraents  of  country  rock,  cemented  into  a  breccia  by  hydrat«d 
rrlc  oxide  and  stained  by  various  compounds  of  copper, 
Tliese  deposits  of  yellow  copper  ore  are  generally  lenticular 
intercalated  between  the  laminse  of  the  strata,  gradually 
iatiing  off  to  nothing  both  in  length  and  depth.  In  some  cases 
0  or  more  of  such  deposits  are  connected  together  by  bmnches  or 
ngs.  Associated  with  these  deposits  are  counter  lodes,  niauy  of 
occupy  the  perpendicular  joints  before  referred  to-,  and  when 
ime  in  contact  witli  lenticular  deposits  they  form  junctions 
them,  and  they  themselves  for  a  certain  distance  contain 
•^'pper  ores  of  Jibove  the  average  produce.  LfUtii-nlar  masses  of 
^''ipriferous  pyrites  are  sometimes  intercalated  wild  I  ho  oinJinary 
iruQ  pyrites  of  the  great  lode. 

The  mode  of  occurrence  of  the  iron  pyrites  and  chalcopyrite  at 
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Fig.  ^.  ixx  -rnhkh  a  reptreseots  the  main  lode,  displaced  by 
r«ncm£  faults,  aud  I  I'eiiTJcular  depocdta  of  reUow  copper  ore  on  ita 
eomh  T«2L  Fi£.  57  is  a  xnafx&he  aortion  on  the  line  de,ia  which 
the  lenticolee  c>f  reHoir  copper  ore  shovn  soatfa  <^  the  lode  are  not 
indicated  br  a  letter.  At  the  t:ai{»ce  the  lode  waa  at  this  pomt  eight 
taxhoait  in  width,  decreaang  to  fdx  fashoxDS  at  the  77-&thom  level, 
belov   -vLic-li  it  uas  suddenlr  mt  off  br  a  slide  underlying  45' 


south.  Tiiis  elide  was  sunk  upon  for  a  distance  of  thirteen 
where  a  vein  of  cupriferous  prrius  was  found  two  feet  in  width,  the 
waUs  of  which  were  opening  out  in  depth.  The  rein  has  not  been 
(noved  below  the  90-fathom  level,  which  is  the  deepest  point 
reached  in  any  of  the  eastern  Ovoca  mines.  The  great  snlphur 
lode  in   West  Cronebane   is  cut  off  towards  the  east  by  dead 


Kio.  I'. — Tiijrone)' :  tranarrne  •cction  on  <i  c. 


ffroiind,  anil  is  not  again  met  with  in  a  workable  form  until  E* 
Cronebane  is  reached,  a  distance  of  300  fathoms.  This  lode  • 
East  C!r<in«'bane  and  Connary  is  wedge-shaped,  and  becoi'*'' 
gradually  smaller  as  the  depth  increases.  At  one  or  two  point-^ 
has  been  followed  down  !iln>*)st  to  the  point  of  a  wedge,  but  i*> 
not  impossible  that  further  exploration  might  lead  to  the  discov"*^ 
of  a  splice,  and  that  the  lode  may  thus  continue  in  depth. 


H     S«iuth  of  the  Connary  main  lode  is  Wall's  Lode"wit.n  a  similar 
beariug  aii  J  underlie,  which  for  a  short  distance  yields  iron  pyrites 
Hptb  a  little  chalcopyrite.     Towanls  the  east  it  breaks  up  into  a 
bomber  of  strings,  while  westward    it  is  cut   oft'   by  a  mass  of 
felspathic  rock.     Further  north-eiist  is  another  deposit  of  metallic 
snJpliides  known  as  the  Eilmacoo  Lode,  which  is  chiefly  made  up  of 
clay  and  soft  ground,  containing  bunches  and  veins  of  a  bluestone 
bs\'ing  nearly  the  same  composition  as  that  found  at  Parys  Moun- 
tain in   Anglesey      This   bluestone,    which   is   sometimes   called 
kiimacooUf,  j-ields  from  six  to  eight  ounces  of  silver  per  ton  of 
ore,  together  with  traces  of  gold.     The  copjxjr  ores  from  the  Wick- 
low  mines  contain  Irora  8  to  12  per  cent,  of  copper,    while  the 
iron  pyrites  affords  from  33  to  36  per  cent,  of  sulphur.     About 
one-sixth  of  the  iron  pyrites  is  to  some  extent  cupriferous,  contain- 
ing from   1  to  2   per  cent,  of  copper,   and  about  38  per  cent,  of 
sulphur.     Nearly  all  the  pyrites  from  these  mines  contain  minute 
quantities  of  gold,  silver,  nickel,  and  cobalt.     A  certain  amount  of 
copper  is  annually  obtained  from  the  mine  waters  by  precipitation 
«nth  metallic  iron.     At  the  present  time  the  total  annual  yield  of 
foiiper  from  the  Wicklow  mines,  including  that  obtained  in  the 
form  of  precipitate,  does  not  amount  to  lOO  tons. 

The  most  productive  lead  veins  of  the  Ciiunty  of  Wicklow  have 
been  those  worked  in  the  mines  at  Glendalough  and  Lugnnure,  of 
which  the  last  only  is  at  present  in  operation.  The  veins  of  this 
district  have  never  presented  any  features  of  especial  interest,  ex- 
cepting that  courses  of  nearly  pure  galena  3  feet  in  width  have 
iK'ca.'iionally  been  found  in  them ;  the  vein.stone  is  principally 
c^nartz.  The  yield  of  Luganure  in  1881  amounted  to  only  822 
tons  of  lead  ore,  containing  616  tons  of  lead  and  4,932  oz.  of 
rilver.  The  only  other  Irish  letul  vein  from  which  Mr.  Hunt's 
statistics  give  any  return.s  fur  that  year  is  Newtownards,  County 
Down,  which  yielded  27  tons  of  lead  ore,  equal  to  20  tons  10  cwts. 
lead,  representing  a  value  of  £254.  The  Government  Geological 
Survey  has  shown  that  the  copper  and  lead  veins  of  Wexford,  and 
Bpobably  those  of  Wicklow  also,  are  older  than  the  tin-bearing 
Bdes  of  Cornwall. 

H  Oold  was  doubtless  obtained  by  the  ancient  Irish  by  washing 
Be  Fands  and  gravels  of  certain  streams  and  rivers.  Geranl 
BoAte,  in  his  "  Natural  History  of  Ireland,"  published  in  172G, 
BeDtinns  the  occurrence  of  gold  in  Londonderry,  since  which 
^feie  none  appears  to  have  been  found  there.  Mr.  Kinahan  states 
^at  pieces  of  goM  have  in  Inte  years  been  picked  up  in  the  valley 


of  the  Dodder,  and  that  quite  recently  a  small  nugget  was  founfl 
on  St.  Stephen's  Green,  Dublin,  in   a  load  of  gravel  which  hadi 
been  brought  from  the  Dodder  Valley.*      In  modem  times  golA 
was  not  generally  known  to  exist  in  Wicklow  until  about  ninety- 
years  ago,  when  it   was   remarked  that  persons  from  that  pai;tt 
of  the  country  occasionally  brought  small  pieces  into  Dublin  figfl 
sale.     Not  much  attention  appears  to  have  been  directed  to  tlH 
subject,  until  the  finding  of  a  nugget  weighing  21^  oz.  awakeasH 
public  curiosity  and  caused    inquiries  to   be  made,  the  result  fl 
which  was  the  discovery  that  it  had  been  found  in  a  rivulet  flowing 
eastward,    over   Lower    Silurian    rocks,   from    the    high    granitic 
mountain  of  Croghan-Kinshella,  on  the  borders  of  Wexford,  and 
joining  the  Aughrini,  a  tributarj'  of  the  Ovoca,  at  Woodenbridge. 
This  discovery  caused  a  great  rush  to  take  place  in  1795,  and  a 
considerable  amount  of  gold  was  collected  by  the  tliggers  during 
the  first  six  weeks,  at  the  end  of  which  time  the  Gold-mine  Valley 
was  taken  possession  of  by  the  Government,  while  the  operations  of 
the  country  people  were  continod  to  the  neighbouring  streams  of 
Knockniiller  and  Clonwilliam,  Ballintemple,  and  Coolballintaggart, 
of  which  the  last  nms  northward   from  Croghan-Kinshella.      In 
addition  to  the  washings  along  the  beds  of  these  streams,  shallow 
placer  workings  were  opened  further  north  at  Mucklagh,  Ballina- 
gapjx>ge,  and  Ballycxeen,   on  tributaries  of  the  Aughrim  or  Ow 
River. 

The  Government  works,  under  the  superintendence  of  Messrs. 
Mills,  King,  and  Weaver,  were  actively  carried  on  until  May  179^4, 
when  they  were  intermptetl  by  the  Irish  Rebellion,  and  not  again 
resumed  until  the  spring  of  1801,  when,  in  addition  to  the  usoal 
placer  mines,  a  level  or  tunnel  was  driven  into  the  eastern  face  of 
Croghan-Kinshella,  and  several  mUes  of  trenches  were  sunk  to  the 
bed-rix;k  in  various  directions.  In  these  workings  numerous  irregalar 
branches  of  quartz  were  cut  through,  but  in  no  instance  was  a 
particle  of  gold  found  in  situ  ;  and  the  aUu^-ial  gold  having  become 
practically  exhausted  the  works  were  eventually  abandoned. 

The  placer  mining  of  the  Government  is  said  to  have  been 
remunerative,  but  the  whole  of  the  money  thus  realize<l  waa 
subse({uently  expended  in  trying  to  find  gold  in  its  natural  matrix. 
The  total  amount  obtained  was  944  oz.  which,  when  melt4E<l  and  ran 
into  bars,  assayed  on  an  average  2\\  carats  fine,  and  was  at  the 
price  of  the  period  worth  £3,075.  The  alloy  consisted  of  silver 
with  a  little  copper.     Sir  R.  Kane  states  that  the  gold  collected  bfl 
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^Ivate  individuals  sold  for  above  £10,OOU.  Since  the  period  referred 
Wi,  pliicer  mining  has  at  various  times  been  resumed,  but  never  with 
m^  miwrked  degree  of  success. 

Different  observers  have  remarked  that  the  auriferous  gravels 
Wicklow  are  invariably  found  at  a  lower  level  than  the  outcrops 
wrtaiu  neighbouring  veins  containing  ores  of  iron  and  coi)per, 
(Ugh  the  disintegration  of  which  the  gold  is  suppfised  to  have  been 
iialed.     But  although  gold  is  elsewhere  often  found  in  quartz 
lUuoing  various  metaliic  sulphides,  none  has  ever  been  discovered 
tbe  undecomposed  portions  of  the  miiieral  veins  of  Wicklow.     Its 
nee  has  however  been  detected  a  little  to  the  north-east  in  the 
la  of  the  Ballymurtagh,  Cronebane,  and  Connary  Mines,  to  the 
west  and  east  of  the  vjUley  of  the  Uvoca.     Some  of  the  nuggets  found 
iVe  had,  however,  attached  to  them  fragments  of  quartz,  and  it  is 
[uently  evident  that  a  certain  amount  of  auri  reruns  quartz 
it  exist  somewhere  in  the  neighbourhood. 

According  to  Mr.  Weaver  the  following  minerals  accompanied 
gold  in  the  drifts  and   gravels   of  the  Wicklow  placers,   namely, 
ilmt'iiite,  specular  iron  ore,  red  and  brown  ha'uiatite,  iron  pyrites, 
uxide  of  manganese,  garnets,  quartz,  and  elilorite.     To  these  Mr. 
ll:Jl«'l  has  added  the  following :  platinum,  cassiterite,  wolfram,  mag- 
Detite,ino!ybdenite, galena,  chalcnpyrite,  topaz,  zircon,  coniii(luni,&c.i 
Tinstone  occurred  more  frequently  at  Ballina,silloge  than  in  the 
higher  ground  near  BaUinavaUy.     Tiie  pieces  of  gold  were,  for  the 
moat  part,  much  water-worn,  but  angular  fragments  were  exception- 
ally met  with.     None  of  the  gold  diggings  of  Wicklow  have  been 
worked  otherwise  than  as  shallow  placers,  but  since  gold  has  been 
fouud  in  so  many  of  the  smaller    tributary  streams,  it  might  lie 
anticipte^i  that,  like  in  other  guld-producing  countries,  it  would        i 
be  found  in  the  deeper  detritus  on  the  banks  of  the  larger  rivers.  ^| 
The.se  do  not  appear  to  have  ever  been  explored,  but  Mr.  Kinahan  ^ 
has  suggested    that  gold  may  p(;rhaps  exist  in  paying  quantities 
''^neath  the  river  and  estuarine  gravels  at  Woodenbridge  and  various 
(jdier  points  in  the  valley  of  Ovoca.      A  few  specks  of  gold  have 
••ccasioually  been  found  not  only   in  the  gossans  at  Ballymurtagh, 
C'ronebane.  &c.,  as  already  stated,  but  also  in  those  of  the  copper 
'ode  at  Carrigat  or  Dliurode,  south  of  Bantry  Bay,  in  the  county 
of  Cork. 

Iron  Ohes  of  Miocene  Age. — Iron-ore  measures   belonging 
this  age  represent  an  important  feature  of  the  Miocene  rocks  of 


Villinm  MalKt,  "  Ou  the  Minerals  of  the  Aitriftrous  IWBtncls  of  Wicklow," 
JAijr-.  voL  xMvii.  1850,  p.  392.     The  presence  of  plAtiumii  wiis  by  no  meaos 
hctoriJy  deterniiued  by  Mr.  MHllet. 
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Ireland ;  and,  ultliough  usuiJly  classed  as  one  series,  they  are  believed 
to  occur  on  sliiflitly  different  geological  horizons.  They  coDipriij 
betls  of  pisulitic  iron  ore,  aluminous  iron  ore,  bole,  and  lithomaige, 
often  associated  with  lignite.  At  some  of  the  iron  mines  the  tiiick* 
nes8  of  these  measures  exceeds  GO  feet,  while  in  others  it  scarcely 
amounts  to  so  many  inches.*  The  Tertiary  rocks  of  Antrim  com- 
prehend dolerite.s,ba.salts,  and  tuffij,  the  latter  including  the  iron-ore 
measures,  &c.  The  dolerite  rocks  may  be  divided  into  two  serim,  tbe 
upper  and  the  lower ;  the  first  of  these  being  above  the  princijial 
iron-ore  measures,  while  the  second  is  below  them.  The  doleriles 
and  basalts  occur  in  the  form  of  flows,  protrusions,  and  dykes,  while 
associatal  with  thoni  are  lx)le  and  lutorite  with  beds  of  ferrugiuoua 
Iithom.arge  and  aluminous  and  jjis(jlitic  iron  ore,  in  whirli  last  are 
occasionally  beds  of  lignite.^ 

The  dolerites  are  oft^n  somewhat  coarsely  cry-ilalline  and  occa- 
sionally even  porphyritic,  and  they  not  unfrequently  exhibit  « 
columnar  structure ;  very  large  areas  are  covered  by  doleritic  anil 
basaltic  rocks,  but  the  tuffs  are  of  more  limited  extent.  Thu  thick- 
ness of  the  flows  of  dolerit«  varies  from  a  few  feet  up  to  40  feM, 
while  between  them  are  accumulations  of  bole,  a  material  closely  re- 
sembling the  laterite  which,  in  India,  covers  to  a  great  depth  vast 
areas  and  contains  deposits  of  nodular  iron  ore.  In  Ireland  the 
thickness  of  these  bods  or  partings  sohlom  CKceeds  70  feet,  Ii 
some  places  the  foiTuginous  accumulations  graduate  into  aluminon 
in>n  ore  of  good  qiiaHty,  h\it  in  such  cn-scs  they  are  not  gencntllj 
pisolitic.  although  tho  aluminous  ores  occasionally  a-ssume  tl 
structure  if  they  cnme  inime<liately  in  contact  with  a  deposit 
pi.solitic  ore.  The  beds  i)f  laterite  between  tlie  flows  of  dolerite 
usually  of  a  rr-(Mish-hrown  colour,  and  arc  very  tough.  They  have 
an  amygilaloidal  stnicturo,  and  contain  cavities  enclosing  aragonit* 
with  various  zeolites. 

The  partings  between  the  lower  beds  of  dolorit*  are  generally 
softer  than  thoso  dividing  the  upper  serie.s,  and  frequently  graduate 
into  either  ochre  or  bole.  This  does  not  take  place  so  frequently 
between  the  upper  dolerit«s,  but  in  all  cases,  the  iron  ore  alone 
excepted,  the  material  constituting  the  dividing  beds  is  thronghoi 
vesicular. 

The  iron-ore  mea.sures  of  Antrim  vary  in  thickness  from  10 
70  feet ;  in  the  Glengariff  Mini>s  they  do  not, acconling  to  Mr.  Arg«^ 


^  O.  H.  Kinnhan,  "  Geology  of  Irelnnil,"  p.  Ii31. 

'  Philip  Argall,   "  Notes  on  tlie  Tertiary  Iron  Ore  M<>nsurrs,  Olcngnriff  VifciWj. 
County  Antrim,"  Pnif.  Itny.  Dublin  Snr.,  vol.  iii.  1881,  p.  151. 
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tceed  60  feet,  and,  with  the  associated  rocks,  afford  the  followiug 
ion: — 


TEUTLAKr 


CUSTAUCOUK 


Upper  dolerites 
I  1  ron-ore  measure* 
I  Lower  doleritea    . 
liosal  coaglomerati' 
White  liiueiitoiie  . 

Total    . 
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The  iron-ore  uioasurus  are  composed  as  follows  ; 


Steadtic  rock  ;  local  omme  BruBhing 


Steatitic  clay 
4.  Pisolitic  ore 
?).  Alumiuoas  ore 
2.  Oclircous  rock 
1.   Lithomargie 


Holing 
First  ore' . 

Secoud  ore 
Pavement 
Marge  .    . 


1  in.  to 


ToUl 


eo    0 


The  lithomarge  usually  rests  upon  an  irregular  flooring  of 
(Werite,  which  is  in  places  corroded  into  deep  holes.  Boulders  and 
BMSSvs  of  dolerite,  e.xtemally  much  decomposed,  are  also  found 
embedded  in  the  bottom  beds  of  the  lithomarge  and  often  pass 
injeDsibly  into  this  rock.  The  lower  beds  of  lithomarge  aie  usually 
of  a  hght  lavender  tint,  and  contain  numerous  small  spots  of 
beataite ;  while  the  upper  layers  are  brown  or  nearly  black.  It  is  a 
hriltle,  splintery  rock,  which  flies  before  the  pick,  but  is  never- 
theless readily  cut  with  a  knife.  In  the  immediate  vicinity  of  an 
crnptive  dyke  it  becomes  a  very  tough  rock,  and  on  exposure 
to  flie  atmosphere  it  rapidly  exfoliates.  Interstratified  witli 
lithomarge  are  deposits  of  aluminous  iron  are,  usually  in  the  foi  in 
lit  heds  ■\arying  in  thickness  from  a  few  inolies  to  several  feet ;  but 
tliej  sometimes   also  occur  as   lenticular   intercalations.      Small 

.ings  and  seams  of  a  siliceous   lignite   are  sometimes   found 

the  aluminous  ore  as  well  as  in  the  pisolitic  variety,  but 
leWom  or  never  occur  in  the  lithomarge.  It  has  been  observed 
that  when  peat  water  flows  over  an  exptised  surface  of  lithomarge 
a  deposit  of  oxide  of  manganese  frequently  takes  place  in  its 
avities  and  interstices. 

The  ochreous  rook  above  the  lithomnrge  is  called  the  "  pave- 
ment,." and  forms  the  floor  of  the  iron-ure  measures.  It  seldom 
ooutjuns  beauxite,  excepting  in  the  immediate  vicinity  of  a  dyke, 
whert  considerable  masses  of  that  substance  frequently  occur. 

On  the  pavement  rests  the  aluminous  or  second  iron  ore,  the 
upper  portions  of  which  are  to  some  extent  pisolitic,  and  on  this 
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lies  the  first  or  pisolitic  ore.  The  pisolitic  ore  varies  consideratiy  ^H 
in  thickness,  but  sometimes  reaches  30  inches.  In  colour  it  j,  ^H 
either  brown  or  black,  some  of  the  pisolites  of  the  latter  colour  ^| 
having  tlie  appearance  of  graphite.  These  are  more  or  legg  ^H 
magnetic,  many  of  them  consisting  chiefly  of  magnetite.  The  ^H 
pisolitic  iron  ore  \isua11y  contains  from  30  to  70  per  cent,  of  iron  ^H 
oxide,  fioni  2  t<>  10  per  cent,  of  .ihiinina,  from  5  to  10  per  cent,  of  ^H 
silica,  am]  frum  9  to  11  per  cent,  of  titanic  oxide.  Sulphur  u  ^H 
entirely  absent,  and  only  minute  traces  of  phospliorus  are  occasion-  ^H 
ally  ])resent.  The  atuniinous  ores  contain  from  25  to  35  per  ces^nt.  ^| 
of  iron,  from  S-i  to  37  per  cent,  of  alumina,  and  from  12  to  \6^^H 
per  cent,  of  silica.     They  are  free  from  sulphur,  only  occasion^^aii^H 

contain  traces  of  phcsphorus,  and  titanic  oxide  is  entirely  ah<u >tA-^ 

These  ores  are  largely  employed  as  a  mixture  in  smelting  haemati^^^  les 

Lignite    and    beauxite    occur   in    the    iron-ore    measures  "^ 

County  Antrim,  and  usually  replace  the  pisolitic  seam,  althoiK^.-w->i!^^' 
in  some  places  the  lignite  is  separated  from  the  ore  by  a  ba^3B-«anci 
of  beauxite.  Intervening  between  the  pisolitic  ore  seam  and  •"  the 
roof  are  two  beds  of  steatitic  clays,  known  respectively  as  "  holin  M-^wg" 
and  "brushing."  These  clays  contain  numerous  pisolites  of  aragoni  .^ite, 
and  similar  nodules  of  that  mineral  are  by  no  means  tmcomua_^ujoii 
in  the  lower  bands  of  diderite.  The  iron  measures  of  Antrim  ^e.  are 
often  penetrated  and  displaced  by  basaltic  dykes,  whose  gene  -^^sral 
bearing  is  a  little  east  of  north,  an<l  which  vary  in  thickn*  -^•ess 
from  a  few  inclies  to  .several  fathoms.  They  have  frequently^J^ij'  a 
cohmuiar  structure,  the  bases  of  the  columns  being  nearly  at  ■•'',(■-  -■•'Vt. 
angles  to  the  walls  of  the  dykes. 

These  iron-ore  measures  are  supposed  to  be  of  lacustrine  origr 
and  U\  have  been  fonned  in  sliallow  erpanses  of  water  in  basins 
suiting  from  successive  but  unequal  flows  of  dolerite.    Lignite  occ 
in  this   rock    near  Crumlin,  east  of  Lough  Neagh ;  Carnmone 
south-west  of  Carrickfergxjs  ;  Ballypalady,  east  of  Antrim;  also 
the  fjvce  of  the  cliff  near  the  Giant's  Causeway  ;  and  at  Dnnaga*- 
Rathlin  Islaixd.     Generally  speaking,  lignite  is  more  or  less 
ciate«.l  with  the  ironstone  measures,  but  in  some   cases  it  occi 
between  beds  of  dolerite.     At  Lemeneigh,  west  of  Ballintoy, 
lignite's  tHmtaiu  blocks  of   wood  which  split  with   great  facilit 
while,  still  further  west^  the  wood  is  but  slightly  mineralized  ar 
reniriins  very  much  in   it5  original  condition.     In  the  clay  belc 
the  lignite  are  f  mnd  plant  remains,  one  of  which  is  considered  tn^^'Jf'' 
Bailey  to  be  AtCiint^rkia  L^JJii,  a  plant  previously  found  only  S  »' 
Oreenland, 
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The  principal  localities  at  which  pisoliric  iron  ores  have  been 
"■orkt'd  are  along  the  outcrop  of  the  Ijeds  from  Kuockboy  and 
tU;ylig,  near  Broughshane,  to  Glenravel,  Cargan,  and  Newtowa^B 
Irotnmelin ;  on  the  sides  and  at  the  head  of  Glcngariff ;  near  Caru- 
and  Glenann  ;    at  Shane  HiU,  west  of  Lame  ;    on  Island 
gee;  at  Ballypalady ;  near  the  Giant's  Causeway;  and  a  little 
ilajid  from  the  White  Rocks  near  Portnish.     The  whole   of   the 
iwwkings  are  in  the  country  lying  north  ajid  north-east  of  Lough 
FKngfa.  M 

During  the  year  1S81  there  were  exported  from  County  Antrim^^ 
188.429  tons  of  this  ore,  the  only  other   iron  ores  produced  iti 
Ireland    being    gossans     from    Ballymurtagh,   Coiinty    Wicklow, 
smoanting  to  1,4.^3  tons.  ^_ 

Other  Mining  Localities. — That  workings  for  copper  ore  wei'^| 
wrried  on  at  a  very  early  period  in  the  Bonmahon  «listrict.  County 
WnUrford,  is  rendered  evident  by  a  number  of  ancient  wooden 
niiuiiig  tools,  which  were  discovered  by  Mr.  Petherick  in  some  old 
workings  on  the  Stage  Lode  at  Knockmahon,     During  the  course 
the  last   century    the    Knockmahon  Mines   were   worked    at 
t  intervals   and  with  somewhat  varying   success;    in  the 
jate,  however,  they  have  produced  large  fiuantities  of  copper 
have  sometime-s  yielded  considerable  profits  to  the  adven- 
turera.    The  lodes,  which  traverse  Silurian  rocks  and  are  inter- 
sected by  numerous  cross-courses,  arc,  according  to  Kinalian,  of 
Pre-Carboniferous  a^e,  and  are  cut  oflf  by  certain  red  conglomerates 
and   sandstones,  probably    of    Old    Red    Sandstone    age.      The 
■r.r.il  direction   of  the    lodes    is  west  of  nortli,  and  the  ground 
I-   traversed  by  various  dykes  of  quartz-porjihyry.     The  lodes  at 
Lnockmahon  have,  however,  been  worked  down  into  very  poor 
'ground,  and  operations  were  vdtimately  .suspended  in  the  year  1S80. 
Some  rich  lodes,  unknown  to   the   ancients,  were  discovered 
about    the    year    1810    at   Allihies,    west    of    Bearhaven ;    and, 
nnJir  the  name  of  the  Bearhaven  Mines,  have  since  been  succcss- 
fullv  worked  and  have  yielded  large  quantities  of  copper  ore.    The 
niines  have  now  attained  a  depth  of  above  250  fathoms,  but  the 
returns  have  of  late  considerably  fallen  off.     The  lodes  occur  at  the 
janction  of  the  Yellow  and  Old  Red  Sandstone  of  the  Cork  ty]>e, 
and  at  the  present  time  the  annual  production  of  the  Bearliaven 
Mines  is  not  above  832  tons  of  copper  ore  of  fij  produce  and  of  the 
aggregate  value  of  about  X4..500.      The  sLnty  regions,  extending 
from  Cork  to  the  Mizen  Head  and  beyond  that  point  northward, 
encloge  small  veins  containing  copper  ores  of  high  percentage,  such 
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an  {tru\MiiiciUi  and  tetratiedrit^ ;  bat,  with  the  exception  of  Bear- 
huvan,  no  ((rf^at  df:^<;<r;  of  Kncc^:m  baa  hitherto  attended  miniog 
ofK:nitioiis  in  thu  jjart  of  IreUiD'l. 


SCOTLAXD. 

Although  tlio  earliest  (I'fCumfsatB  relating  to  mining  in  Scot- 
land do   not   go  further    back    tl^ian  the  twelfth   century,  tite 
tcKtiniony  of  lir^uian  writers  and   the  number  and    variety  of 
thu   {iriihiHtoric  gohl  ornamentii  which   hare  from  time  to  time 
bouii  found  in  that  country,  render  it  probable  that  the  earlj 
]K>]nilatiun  luul  worked  tlie  native  smrcea  of  supply  at  a  period 
long  ivnt^'rior  to  the  Ixjginning  of   written  history.     The  fint 
hiHtori<-Hl  notice  of  gold  (x;curring  in  ScAland  is  a  grant  in  1153 
by  l)iivi«l  1.,  t^i  thu  abbey  of  Dunfermline  of  a  tithe  of  all  the  gold 
from    Kifo   tind   Fothrif;   and,  in    142-1',  the  Scottish  Parliament 
gi'iitiU'd  Ut  thu  ('rown  all  the  gold  mines  in  Scotland.^ 

A  diu'uini'nt  from  thu  Balcarres  MSS.,  printed  in  the  AnaUda 
,sVr.</V«»,   lirst  Ht<ri»'H,  i)j),   01-94,  shows  that  between    the  yean 
I TtN.')- 1. *)!)(),  Inul  oru,  to  thu  amount  of   15,717  stone,  had  been 
HliipptMl  from  Srotlan«l  fur  foreign  iise.     In  the  year  1593,  Tbomu 
Koullis  obtained   a  tuku  of  all   the  mines  in  the  sheriffdom  of 
Liuiirk  ;  mill   in    1707  :ui  act  of  parliament  exonerated  and  dis- 
chiirgt'd  Chnrlrs,  Marl   of  Jlopctouu,  from  a  rent  of  1,000  marks 
pnyublo  l>v    him  to   ilio   Crown  in  term?  of  the  original  grant 
AnudiiT  not  giivi>  him   the  right  to  pass  the  bridge  of  RamweU 
('riiigiMiil  |)iMnu>iion  with  leiul  ore  and  supplies  for  the  mine  and 
miiuMM   fi»M<  <if   toll.      This  privilege  was  shared  with  the  Duie 
of  (^hH'cnHlioiry. 

(Jol.n.     As  far  UH  is  at  jiiesent  known,  the  gold  fields  of  Sutl»-eT- 
luM<l  niv  all  oompriMfd  within  a  rudius  of  about  ten  miles  arouaw 
H«<nuai'i<',  tlio  gold  having,  for  the  most  part,  been  found  along     "l^® 
valK'VH  o(  (h«<  tiilmtarii's  of  the  Ullie  or  Helmsdale  River.* 

'I'ho  princi|Nvl  stn'ams  which  have  been  worked  are  ^"® 
Kildonau.  wluMo  gold  wjis  first  discovered,  the  Suisgili,  and  t"^ 
'I'orrisli  ;  tlu-Hc  streams  constitute  what  are  known  as  the  Kildoxian 
«liKK'"K'''  *'"'•'  ^^'^  '*'*"*  ^won  found  in  the  Altenbraichich,  the 
('iupreas,  and  tlic  t'raggie,  all  fiowing  into  the  Ullie.  On  the 
soutli  side  of  tlic  dividing  range,  called  the  Crask,  gold  has  t»oen 

'  U.    \V.   ('ocliran-riilrii'k,   "  Knrly  lioconlB  Kt>latiiig  to  Mining  in  Scotland,' 

K.liiiliui;;li,  1.S7S. 

'-■  W.  Cttiiicron,  "  1^-    '      '••thorUmUhin'  Gold  Fiolds,"    Tratu.  Geol.    Soc-    » 
'rtasgnw,  vol.  iv.  )" 
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tmad  in  the  Smeorol,  a  burn  which  falls  into  Loch  Brora  at  Gordon 
Bush,  and  hence  called  the  Gordon  diggings.     Further  west,  on 
.inutber  tributary  of  the  Brora,  known  as  the  Black  Water,  gold 
ij.vs  been  likewise  found. 

The  prominent  geological  features  of  the  country  are  rocks 
trhich  are  regarded  as  being  mainly  of  Lower  Silurian  age,  con- 
SLS^Dg  of  gjranites,  gneiss,  mica  schist,  and  quartzite,  which,  in 
a  few  localities  only,  are  traversed  by  veins  of  quartz.  Along  the 
coast  is  a  belt  of  coarse-grained  granite.  Old  Red  Sandstone  some- 
tf  w^TMim  caps  the  Silurian  rocks,  and  Oolitic  shales  are  found  near  the 
se^  above  the  valley  of  the  Brora.  In  the  streams  in  which  gold 
lujksbeen  most  plentifully  found  gneissoid  and  schistose  rocks  prevail, 
wl-fcile  the  higher  ground  is  everywhere  so  thickly  covered  by  a  deep 
d«3?j)ositof  peat  that  it  is  only  at  points  situated  at  considerable 
distances  apart  that  any  rocks  are  exposed  on  the  surface.  In  the 
l>^^8  of  the  rivulete  on  the  high  ground  of  the  Kildonan  hills, 
ttc^liistoseand  flaggy  rocks  largely  predominate,  and  in  the  intorstices 
Iv^tween  their  laminae  gold  is  sometimes  found. 

On  either  side   of  the    Kildonan,   high  moorland    hills  trend 

t^i^'vards  a  range  of  quartzite  ninuing  parallel  i^-ith  the  TJllie,  and 

<5<r»nfine  the  stream  and  its  littoral  flats  within  very  nanow  limits. 

'MS"  tributaries  occasionally  flow  into  the  main  burn  and  often  afford 

SC«^_3od  sections  both  of  the  rocks   and  drifts ;  the   latter   usually 

i^'^^elding  a  little  gold.     In  some  places  the  Kildonan  itself  has  cut 

i  "•:— «  way  through  beds  of  rock  outcropping  at  the  surface,  while  in 

c:^-^hers  high  banks  of  sand  and  pebbles  afford  evidence  of  extensive 

^^'-"Unvial  deposits.      These  flats  are  occasionally  flanked  by  deep 

"*^  •terraces  of  gravel  and  drift,  from  the  surface  of  which,  mixed  with 

-:ngular  fragments  of  granite,  grains  of  gold  may  sometimes  be 

►btained  by  panning. 

Towards  the  lower  portion  of  the  stream  the  rocks  assume  a 

^^Diore  gi-anitic  character,  and  are  associated  with  gneiss,  micaceous 

=^nd  chloritic  schists,  and  quaiizites,  which  are  occasionally  traversed 

\)y  veins  of  quartz.      In  .some  parts  of  the  course  of  this  stream 

granitic  masses  assume  the  form  of   dykes,  and  gold  appears  to 

"be  most   plentiful  when  the  stream  forms  an  acute  angle  with 

the  strata  crossing  its  bed.    As  a  rule  the  miners  preferred  working 

either  in  the  vicinity  of  masses  of  granite,  or  in  the  neighbourhood 

of  a  partially  decomposed  greenish  schist.     The  earlier  operations 

of   the   diggers   were   exclusively  confined   to   the  banks  of  the 

streams  where  the  bed-rock  was  above  the  level  of  the  water.    The 

gold  was  found  chiefly  in  the  lower  drift,  but  it  has  been  also 


obtained  from  all  the  various  strata  even  up  to  the  roots  of  tbi 
heather.  The  drifts  vary  materially  in  character,  having  some- 
times the  appearance  of  a  ferruginous  conglomerate,  while  in 
others  the  auriferous  material  is  a  yellovrish  felspathic  detritua 
The  Bmall  proportion  of  rounded  quartz  pebbles  and  boulders,  or 
in  some  instances  their  entire  absence,  would  be  considered  remark- 
able by  a  person  accustometl  to  the  placer  diggings  of  California 
or  Australia.  In  nearly  all  cases  the  material  which  remains 
when  the  process  of  washing  draws  towards  completion,  is  found 
to  contain,  along  with  the  gold,  a  considerable  proportion  ol 
titaniforous  iron  ore    and   magnetite   together  with  a  few  small 


garnets.  As  before  stated,  the  auriferous  detritus  is  generally 
almost  entirely  composed  of  somewhat  water-worn  fragments 
of  the  local  rocks  ;  but  in  a  few  instances  pebbles  from  the  Old 
Red  Sandstone  and  nodules  of  red  haematite  have  been  found 
among  it.  Latterly  the  miners  no  longer  confined  their  operations 
to  the  shingle  immediately  bordering  the  streams,  but  advanced 
for  some  distance  into  the  flats  forming  their  banks,  although 
with  but  very  moderate  success. 

The  Suisgill  is  a  bum  of  about  the  same  size  as  the  Kildonan, 
but  is  flanked  by  deeper  deposits  of  drift  and  by  more  extensive 
flats  than  that  stream.  In  this  rivulet  the  gold  is  coarser  than  that  ^■^ 
found  in  the  Kildonan,  and  it  is  here  that  a  two-ounce  nugget  is  J^  j| 
said  to  have  been  found.  The  same  rocks  present  themselves  along  "^5,^ 
the  course  of  the  Suisgill  that  are  seen  in  the  bed  of  the  Kildonan,  ^.t:^ 
although  the  latter  affords  better  sections.  Nearly  all  the  other  it^ 
streams  exhibit  similar  peculiarities,  and  a  description  of  thorn  is  «s_r  \ 
consequently    unnecessary.       It    is    evident    that    gold     in   small  ^J"^ 

quantities  is  generally  distributed  throughout  this  part  of  Scot «^J 

land,  but  there  appears  to  bo  con.siderable  difference  of  opinionA-!K«3 
with  regard  to  its  derivation.  Sir  R.  Murchi.son  believed  the  gold — .tj 
bearing  drift  to  have  been  brought  from  the  Silurian  plateau  towards  Ksij 
the  central  and  western  portions  of  Sutherlandshire,  while  Mr-^  ~Wf 
Campbell  of  Islay  is  inclined  to  the  opinion  that  at  least  a  portionzH  -«)q| 
of  it  may  have  come  from  even  Scandinavia  or  Lapland ;  botlL^rrA  ' 
however,  consider  the  vehicle  of  transport  to  have  been  ice.  N<^-  '0 
gold  has  as  yet  been  found  in  this  district  in  situ,  and  consequently^ 
no  definite  proof  exists  of  its  local  origin.  The  drift  is,  howeveE 
composed  of  fragments  of  purely  local  rocks,  while  quartz  pebble 
usually  so  plentiful  in  deposits  of  this  nature,  are  almost  entirel' 
wanting.  Influenced  by  these  and  similar  considerations  Messr 
and  Cameron  •^nt  iH—i  tni  — iim  ■  BTMiitir  origin  to  the 
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of  this  area.     It  is,  however,  possible  that  it  may  have  been 

ed  from  the  quartz  veins  which  are  seen  iu  the  ravines  through 

:h  the  streams  severally  flow,  or  from  others  which  are  now 

under  a  covering  of  bog  or  other  material. 

ether   the   gold    which  occurs   in  these   drifts  could  under 

y  circumstances  afford  remunerative  occupation  to  any  con- 

le  number  of  men,  is  open  to  grave  doubt.     When,  however, 

stated,  that  a  tax  of  one  pound  per  mouth  was  levied  by  the 

:e  of  Sutherland  ujx»n  e^ich   miner  for  the  privilege  of  digging 

id  upon  his  waste  lands,  and  tbat  the  CJoveniment  further 

ded  one-tenth  part  of  the  gold  found  as  Royalty,  it  will  be 

ly  understood  why  gold  washing  in  this  district  was  an  industry 

)rt  duration. 

Silver,  and  Nickel. — There  are  lead  mines  in  the  south 

id  at  Wanlock  Head,  now  called  the  Queensberry  Mines,  in 

hirSj  and  at  LeadhUla  in  Lanarkshire,  whore  the  veins 

r  in  Silurian  rocks.    At  Cally,  In  Kirkcudbrightshiro,  copper  ore 

been  discovered,  and  stibnite  has  been  found  in  the  county  of 

Dumfries.     In  neither  case  have  they  been  turned  to  any  account, 

although  a  small  quantity  of  lead  ore  is  annually  produced  in  the 

first-named  county.     The  lead  mines  of  Stront.ian,  in  Argyleshire, 

were  once  of  some  importance,  and  a  lead  mine  in  schist  has  been 

Torited  at  Tyndrum,  and  another  in  the  Isle  of  Islay.     Pentlandit-e, 

a  sulphide  of  iron  and  nickel,  was,  some  years  since,  worked   at 

Glen  Essechossan,  two  miles  from  Inverary,  as  well  as  at  Craignure, 

in  the  vicinity  of  Loch  Fyne,  eight  miles  distant  fi-om  the  same 

town.    About  300  tons  of  ore  averaging  14  per  cent,  of  nickel  are 

Mated  to  have  been  sold  from  these  mines.     In  a  sample  of  the  ore 

from  the  Craignure  Mine  Mr.  F.  Claudet  found,  iu  addition  to  the 

UU^  percentage  of  nickel,  a  considerable  amount  of  tin  oxide. 

^HW^riting  towanls  the  latter  portion  of  the  eighteenth  century 

^m'  state's  with  regani  to  Leailhilla  : — "  Le  filon  principal  produit 

I  jnaqu'li  la  plus  grande  profoadeur  ou  on  I'exploite,   de  100  pieds 

I  aa-desaous  de   la  galerie   d't^coulement,    du  tr^-beau  spath,   du 

min^nu  de  plomb  h,  largea  facettes,  irrdgutieres  et  cubiques,  de  la 


I       '  "  Tp  to  tbe  gKAteat  depth  to  which  it  is  worked,  100  feet  below  the  adit,   the 

epal  vein  produces  very  beautiful  spar,  lead  ore  with  large  irrc^ar  and  cubical 
P^ea,  black,  and  non-crystalliaed  white  ore  ;  the  latter  alio  iii  white  and  very 
fiiilik  erjrabals.  This  variety  is  very  beautiful  and  extremely  rich  in  lead.  I  have 
mil  this  vein  work«d  for  a  very  great  distance  with  a  width  of  at  leaat  four  feet,  inasaiye 
!  OK;  wd  I  am  *9«iu«d  that  it  enlarged  as  the  depth  increa«ed,  as  at  its  greatrst 
depth  it  i«  seven  feet.  This  vein  is  one  of  the  richest  in  Europe — I  have  not  yet 
Jeen  invthing  which  approaches  to  it  in  abundance." — Voyaget  MHallurgiqua,  vol. 
"    ^£31,  Puis,  1780. 
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r»":r-ri  "•     \  rs.  "::t   TATrr-f-i;:!!*;*  »  as  to 

.__•  }r.  :i.'T-i   1  ••••  -  c*  -C  l-r*.;  ore  con- 

■-•i.^r  ri-'T  !••'*.■•.  :li^  y-.iz.::--  . :  . r*  Jressed 
-  ij  ::"  -f-r  -v-Tz  iZ-z^-.z-L  }r.«iv;:ii^  wi;hthe 

:.^-.^r7j  iL-r<  L^r-  ^A^..:k  Hr;i.i.  vielded 
-.ii-:-^  -  •:  i  f-ilv.r  ^:rh£i:.W7. 
*L-T  E^«"  E  .i.:k  •?-»:;  Mic-r.  in  Kirkoid- 
:ii  ::  1-;.*:  r-r.  ~::'.z-i  £1. •.■*>.  During  the 
•Ar.'i-';  f,t:ri'A  23i  ••-r-i  of  c.:r'r»Tr  :r-:-.  -i'.-:.-:  £•*•>>.  were  prxluced  in  \ 
Sh':r.;if.il,  ar,  J  32^  v.-r..?  •-:  r/-::.ir.  vilu-?  £r>."T.  w^re  raised  at  the 

lit.At:KH\Sh  Ironstone. — In  SotlanJ  the  ccal-boaring  strata 
\y'ini(   aU^v;  rh*:    Millstone   Grit   are   known  as  the  upper  Coal- 
fiihsi^mircH,  v,]n\*:  th';  .seams  of  coal  in  the  Carhi.-tniferous  Limestone 
}i<;lori;(  Ut  the  lower  Coal-rneasures.     These  measures  stretch  across 
tJi<!  f;oiiritry  in  a  .v^uth-westerly  direction  from  the  German  Ocean 
t^>  t,h':  N<irth  Channel.     In  addition  to  coal  both  the  upper  anJ 
low<T  H'-rieH  ronUtin  valuable  seams  of  blackband  ironstone.    This 
tiTifi  in  aii[>li(!d  to  iron.st/)nes  of  a  dark  brown  or  black  coloiii 
coiitiiiiiinfr  a  HiifTlciont  amount  of  carbonsu:eous  matter  to  eoabl^ 
Mmni  t^i  Im-  Itiiriit  in  heaps  without  the  addition  of  extraneous  fu<?^- 

I   .Vin/rn/."?)/  nf  Dfrhy)hir«,  Ar.,  Ix)ndon,  1802,  p.  137. 
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len  thus  bnrnt  the  residues  often  yield  from  50  to  70  jM?r  cent, 
metallic  iron.     Blackband  ironstone  is  found  both  in  the  upjjor 

in  the  lower  series.* 

The  Upper  contains — 

Thlokaau. 

The  Palace  Craig  Blacktand 12  iachea. 

4,    Airdrie 16      ,, 

,,    BelUide 6      „ 

,,   Kiltongae about  6     „ 

„    Calderbunk  or  Kennelbum 10      „ 

,,   Slntrband .    from  12  Inches  to  3  feet. 

,,    Liower  Slatybaod 12    „       ,,18  inches. 

The  Lower  series  contains — 

The  PoMril  Upper  Blaokbond 12  inches, 

.,    Fossil  Lower 12      „ 

,,    BantoQ 13      ,, 


All  these  ironstones  have  been  found  in  some  jmrt  of  Lanark- 
e,  the  principal  seams  being  the  Airdrie  Blackband  and  the 
atyband.  The  former,  now  nearly  exhausted,  has  boon  found  in 
workable  quantity  within  au  area  of  only  about  ten  square  miles, 
bat  its  equivalent  in  the  form  of  a  thin  seam  of  coal  covers  an 
■area  of  from  fifty  to  sixty  square  miles.  The  Slatybaiid  extends 
[over  a  considerable  area,  but  is  variable  both  in  thickness  and 
quality,  sometimes  gradually  thinning  out  and  disappearing.  It  is 
found  in  Lanarkshire,  Ayrshire,  and  Fifeshire,  though  in  the  last- 
named  locality  it  is  not  of  good  quality.  In  Linlithgowshire  it  is 
represented  by  the  celebrated  Boghead  cannel  coaL 

Blackband  was  discovered  in  Lanarkshire  by  Mushet  in  1801, 
and  has  for  many  years  been  very  extensively  worked,  but  at 
the  present  time  the  supply  is  rapidly  falling  off.  The  yield  of 
blackband  ironstones  is  at  the  rate  of  2.000  tons  calcined  ore, 
equivalent  to  1,000  tons  pig  iron,  per  acre  for  each  fiwt  in  thickness. 
Clay  ironstone  is  worked  in  connection  with  the  Shotts  Furnace 
Coal  and  the  B-tJI  or  Coalinshields  Coal,  and  two  bands  of  clay  iron- 
Btone  occur  in  the  underlying  Millstone  Grit  series,  namely,  the 
Ginstone  and  the  Curdley  or  Curly  ironstone.  Clayband  ironstone 
of  good  quality  was  formerly  obtained  at  Banton  and  Denny  in 
the  Carboniferous  Limestone  series.  Several  seams  of  the  same 
mineral  have  been  mined  at  Falkirk  among  the  strata  immediately 
overlying  the  Slatyband  ironstone.  This  ore  has  also  been 
obtained    from    the    horizon    of    the    Brighton    Main    and    the 


*  lUlph  Moore,  "  On  Coal  and  Ironatone  Mining  in  Bcotland,"  Pror.  S, 
^t^.  (ifEni.  vol.  iii.  1864,  p,  239. 
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Aucbingane  coals.     Of  the  2,595,375  tons  of  ironstone  pn.) 
in  1881  in  Scotland,  1,402,700  tons  were  Blackband  and  l,VJ-2,{,',:, 
tons  Clayband. 


OeITEBAI,  SaMMART  OT  THK  PROOrCTtOU   OF  MKTALUFBROrS  UlNUtAU  D(  TB 

United  Kikooom  dvrixo  tbk  txar  1882.' 


DeMllptkm  orore. 

QiMuUUcL 

TahM. 

Iron  oro 

Bog  iron  ore 

Tin  ore 

Copper  or«   .    .    . 

Lt»a  on . 

Zinc  ore    

IronpyritM 

Cobdt  and  Nickel  ore    .    .    . 

HuiaanMe  ore 

Voliram 

TCM. 

18,031,957 
5.e7]t 
14,045 
62,810 
05,001 
S2,6S9 
26.40S 

as 

1.648 

68 

12,664 

M 

6,779.288 

1.967 

806.847 

SO«,768 

698,810 

98.571 

14.468 

sn 

S.907 

747 

11.8U 

Ar»enici»l  pyrites 

Total  ralna  of  meUlliferoiu  m 

inerala 

£7,610,978 

FRANCE. 

Metal  mining  in    France  is  of    very   ancient    origin,  as  th«] 
Ganis  were  familiar  with  gold,  silver,  lead,  copper,  tin,  and  iron 
previous  to  the  Roman  confiuest  of  the  country.     Under  Roman 
government  metalliferous  mines  were    extensively    workeJ,  but 
«t    the    time   of    the    Northern    invasion    they    were   generallj 
abandoneil.     At  a  later  date  mining  was  resumed  by  the  SarsceM, 
who  carried  on  that  industry  in  the  Pyrenoe.s  and  in  various  other 
districts,  but  it  was  not  until  nearly  tlie  end  of  the  eleventh  century 
that  the  mines  of  France  assumed  any  di.stinctive  importance.    In 
the  thirteenth  century  mining  was  again  generally  abandoned  in 
consequence   of   long-continued   wars,   and   the   mines   were  not 
re-opened   until    the   commencement   of    the    sixteenth   century. 
During  the  Thirty  Years  War  operations  were  again  arrested,  and 
it  wius  not  until  the  beginning  of  the  eighteenth  century  that  some 
prosperous  mining  undertakings  were  carried  on  in  Brittany,  in  the 
Pyrenees,   and   in   Central    France.      Tliis   prosperity  of   i 
enterprise    was    however  only   temporary,   and    it   is    somewB 

>  "  Mineral   Statiatic*  of  th«  Unitrd  Kingdom  for  the  year  1882,  prepared 
Her  Mnjest/s  Inapeotori  of  Minea."    London,  1888. 


V4RT  It.] 


FKAKCE. 


2S1 


TeDQ&Tkdble  that,  with  tbe   oxcoptiun  of  those  of  iron  ores,  com- 
(laratiTely  few  of   the  metalliferous  dej^sits  of   France  are  rich 
enough,  and  at  the  same  time  sufficieDtlj  easy  of  access,  to  repay 
the  expenses  of  working. 

France  has  no  valuable  gold  mines,  but  the  sands  of  some  of 

W  rivers  are  to  a  small  extent  auriferous.     The  only  vein  known 

to  contain  gold  in  appreciable  quantities  is  that  of  La  Gardette,  in 

llie  Department  of  Is^re,  which  is  from  two  to  tliree  feet  in  width, 

Uii  Is  enclosed  in  gneiss.      Gold  was  discovered  in  this  locality 

in  the  year  1700,  and  workings  wore  intermittently  can  ied  on  up 

to  1841,  but  the  aggregate  amount  of  the  precious  metal  obtained 

wu  very  smalL      The  Rhine,   until   recently  forming   for   some 

distance  the  eastern  boundary  of   France,   for   centuries  yielded 

small  quantities  of  gold,  and,  according  to  a  report  of  Reaumur 

prectented  to  the  Academy  of  Sciences  in  1718,  its  sands  had  been 

cliiefly  worked  between  Strasbtirg  and  Philippsburg.      The  gold 

of  the  Rhine  in  the  vicinity  of  Strasburg  formerly  belonged   to 

"the  magistrates  of  that  city,  who    farmed  out   the  gold- washing 

on    a  royalty,  but   in   the  year   referred    to   they  only  received 

some   four   or   five   ounces   as   their    proportion    of    the    annual 

produce.     In  the  year  1846  Daubrc'e  made  an  exhaustive  report 

to   the  Academy  of  Sciences  iu  whicli  he  states,  that  the  gravels 

most  commonly  worked  were  those  deposited   bebw  sand-banks 

Or   gravel   islands   which    have   been   eroded    by  the   river ;    and 

that  the  gold  is  chiefly  concentrated  in  the  coarser  gravels  which 

liave  been  freed  from  silt  and  fine  sand  by  the  action  of  currents.' 

■  The    gold    usually   occurs   in    the  form  of   minute  scales,  and  is 
Constantly  accompanied  by  titaniferous   iron  ore,  the  amount  of 
"Which  is  proportionate  to  the  richness  of  the  original  sand  for  the 
precious  metal.     The  workable  beds  are  invariably  thin,  seldom 
exceeding  six  inches  in  thickness,  and  the  particles  of  gold  are 
exceedingly   small,   since    the    number    required    to   weigh   one 
milligramme  varies  from  17  t^  22,  while  one  cubic  metre  of  gravel 
contains  from  4, .5(10  to  36,000  of  such  scales.     In  addition  to  the 
auriferous  deposits  which  accumulate  in  the  bed  of   the  stream, 
Daubree  states  tliat  the  ancient  detritus  on  its  banks,  extending 
from  three  to  four  miles  in' Avidth,  also aflFords  an  ajipreciable  anionut 
of  gold,  but  that  the  fine  silt  free  from  gravel  may  bo  regarded  as 
totally  barren. 

The  sands  of  the  Rhine  are  still  occasionally  washed  upon  a 

Binall  scale,  but  it  is  believed  their  production  was  formerly  more 

*  CemfUtSmdiu,  toL  xxiL  1816,  p.  639. 
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it  is  aft  pccMnL    The  yield  of  the  year  1( 
at  £1,800,  Uke  wasbeis  asttalljr  making  from 
and  a  haM  to  two  francs  per  diem,  althoogh   thej  oocasioo 
w^i»— ^  fipBH  tea  Co  iftoeii  fiancsL    After  a  very  careful  study  I 
the  vMe  qoMtioo  Paabcfe  anived  at  the  conclusion  tbnt,  by- 
aid  of  pntper  appiianoea,  tbeae  aands  might  possibly,  at  tliat  tin 
be  treated  vith  advaatage.     Some  of  the  operations  were  evideuti 
capable  of  improvement,  since  the  washing  was  entirely  conduct 
by  maptial  hboor,  ahboogh  the  motive  power  of  the  river  it 
mighty  if  applied  Co  a  dredging  machine,  be  easily  made  to  removi 
tbe  ricber  gcaTcIs  and  to  deposit  them  at  the  head  of  a  profierly 
arranged  alaio&    Although   the  application  of  machinery  might 
donbtleaa  in  this  and  other  ways  be  made  to  materially  lessen 
ezpenae  of  washing  the  sands  of  the  Rhine,  the  yield  of  gold  i«  w 
exceedingly  small  that  it  is  nevertheless  doubtful  whether  by  any  j 
known  method  of  treatment  satisfactory  results  could  be  obtainei  | 

Several  localities  in  France  have  from  time  to  time  affonle 
small  quantities  of  gold,  the  River  Aric^ge  (Aurigera)  being  said 
to  have  derived  its  name  from  its  auriferous  sands.     The  washiti 
of  these  up  to  the  close  of  the  fifteenth  century  is  stated  to  bvi 
yielded  nearly  a  hundred  pounds  Aveight  of  the  precious  metill 
annually.      Small   quantities  of  gold    have  been  also  sometiniei 
obtained  by  washing  a  conglomerate  of  Carboniferous  age,  in  th 
vicinity  of  Bess^es,  D^partement  du  Gard,  where  traces  of ; 
occur  in  the  quartzose  pebbles  of  the  Millstone  Grit. 

The  profluction  of  gold   in   France  during  the  year  1880  is 
o6ScialIy  stated  to  have  been  31  kilugr.  or  996|  oz.,  but  the  ores 
from  which  it  was  obtained  were  probably,  in  part  at  least,  derived— 
from  foreign  sources.  fl 

Iron  ores  are  produced  in  thirty-three  of  the  French  depart- 
ments;   that  of    Meurthe-et-Moselle   having  iu   the    year  188Q_ 
furnished  58  per  cent,  of  the  total  production  of  the  country. 

The  yield  of  each  of  the  following  most  productive  departmei 
exceeded  in  that  year  50,000  tonnes,  namely  : — ^ 

TOBDM. 

1,568,000 

196,000 
IPO.OOO 
180,000 
102,000 


Mettrthe-et-Moselle 
Haate-Marn«    . 
Ardiobe     ... 
8a0ne-«t- Loire  .   .   . 

Cher 

Pjrr^O^-Orient&lea 
Gud  .   . 


ds.ooo 

88.000 
63,000 


*  "  Statistkiii* 
One  toBtt*  - 


tfiairale  en  Frknca  et  «n  Algeria  Annia,  1880,"  ; 
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The  following  table  gives  the  total  production  of  irou  ores  in 
nee   during   the   year   1880,   together  with   the    proportional 
eights  of  the  different  varieties  obtained  : — 

Nalore  of  Ore*  Tomws.  FCremtag*. 

Oolitic  ores 1,841,000  ....      84-1 

Other  hvJrated  oxidM  in  grains,  geodes,  &c.  .        654.400  ....      19  8 

Bf.i  hiemBtite 242,400  ....        8-4 

!lrM«n  bitmatite 107,500  ....        87 

.■>r»it hose  iron  ore« 103,400  |  g,g 

Ci»¥  ironstone 6,800  j  •    ■    •    ■ 

lUgnetite 19,700  .  .  7 

Total 2,874,200  1000 


Copper  mines  are  worked  in  the  departments  of  Var,  Gard, 
"BagBeB-FyT^niea,  and  in  Savoie,  but  their  aggregate  production  of 
rmerchantable  ore  during  the  year  1880  amounted  to  only  550 
"t^naes.  Zinc  ores  are  produced  in  various  parts  of  France,  but  the 
most  important  are  those  of  Saint  Laurent-le-Minier,  Gard,  which 
^fielded  about  one-hnlf  of  the  annual  production  of  the  country. 
Burat^  divides  France  into  five  nn-ialliferous  districts,  namely  ; 
the  promontory  of  Brittany,  bounded  by  a  line  extending  from 
<Jontentin,  passing  near  Alenqon  and  Angers,  and  terminating  in 
■the  vicinity  of  Parthenay  ;  the  mountainous  range  of  the  Vosges, 
forming  a  kind  of  island  sun-ounded  by  sedimentary  rocks ;  the 
great  plateau  of  Central  France  ;  the  Pyrenees ;  and  the  Alps. 

BRITTAUy. — Both  with  regard  to  its  geographical  position  and 
its  geological  constitution,  Brittany  closely  resembles  Cora  wall, 
being  like  it  a  region  largely  composed  of  clay  slates  broken 
through  by  granite,  traversed  by  dykes  of  porphyry,  and  penetrated 
by  masses  of  serj^cntine.  In  spite,  however,  of  these  analogies  the 
metalliferous  deposits  of  the  two  countries  are  of  very  unequal 
importance.  In  Brittany  the  tin  veins  of  Cornwall  are  but  feebly 
represented,  copper  lodes  do  not  exist,  and  mines  of  argentiferous 
galena,  similar  to  those  of  North-Westem  Cornwall,  are  not  very 
actively  wrought. 

Oxide  of  tin  has  been  found  in  small  quantities  in  various 
localities  particularly  at  Pyriac,  two  and  a  half  miles  west  of  the 
mouth  of  the  Loire,  and  at  the  Moulin  de  la  Villeder,  Morbihan. 
At  Pyriac  the  clay  slate  is  in  contact  with  the  granite,  and 
at  their  point  of  junction  there  is  an  alternation  of  schistose  and 
granitic  or  gneissic  rocks  containing  oxide  of  tin,  which  occurs  either 
diaseminated  through  thin  veins  of  quartz  or  in  the  form  of  small 

'  "  G^ologie  Appliqti^,"  8rd  ed.  part  i.  p.  S64, 
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to  two  principal  lodea,  both  of  which 

PooIlaoueD 


of  Sihtmn  age.    The 


lode  at 


tar  a  leimth  of  750  &thoais  aad  to  a  diqplh  of  ahoat  100 
lU  width  ii  very  incguhv,  ▼arying  from  a  few  inches  to  twcQi.y<j 
fathome.     Its  avem^  breadth,  whieh  is  somewhat  difficdt 
detaminet  as  it  has  neither  selvagpes  nor  well-defined  walls,  mtj 
taken  at  aboat  siz  f«et,  while  its  coune  is  oearlr  north-WMt 
•ODth-eact  with  a  dtp  of  45*  to  the  north-east     The  country 
consisting  of  clay  slate,  associated  with  qoartxite  and  grvei 
strikes  east-north-east  and  westrsoath'West,  and  dips  at  an 
ation  rarying  from  40°  to  50°  towards  the  south.     The  principal 
is  argentiferous  galena,  which  is  more  or  leas  miied  witli  blende  and 
iron  pyrites.     These   minerals,  like   the  aooompanying  qaarUa 
veinstone,  form  a  network,  in  which  the  galena  is  more  frequeot^ 
associated  with  slate  than  it  ia  with  quartz.    The  strings  or  tlinad 
of  minerals,  which  are  often  very  narrow,  st^tmetimes  expand  1 
width  of  several  inches,  and  frequently  separate  to  again  re-ui 
Qranular  ore  is  sometimes  disseminated  throughout  tlie  slate  wh 
forms  a  portion  of  the  vein-material,  and  even  tlie  wall  rock 
in  some  cases  similarly  impregnated.    This  lode  was  considered 
when  galena  formed  one-tenth  of  the  vein-material.     The  gale; 
by  no  means  equally  distributed  throughout  the  lode,  butisfouw 
courses  of  from  40  to  50  fathoms  in  length  which  incline  at  vari 
angles  in  the  direction  of  its  strike.     The  ore  contains  from  'Ol 
to  0005  of  silver,  or  from  9  oz.  16  dwt.  0  gr.  to  16  oz.  6  dwt.  18 
per  ton. 

The  principal  lode  at  Huelgo^t,  which  is  on  the  whole  ni 
regular  than  that  of  Poullaouen,  but  nevertheless  vaties  in  w: 
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from  twenty  inches  to  seventy-five  feet,  has  been  followed  in  length 
lor  a  distance  of  500  fathoms  and  to  a  depth  of  about  135 
fellioms.  Its  average  width  may  be  taken  at  about  twelve  feet, 
I  its  strike  being  north-west  and  south-east,  with  a  dip  of  about 
^J0°  oorth-east.  In  addition  to  argentiferous  galena  this  lode 
HRelik  gossans,  terres  rouges,  carrying  a  considerable  amount  of 
rjilTer,  both  in  the  native  state  and  as  horn  silver.  These  ochreous 
I  ores  were  mostly  treated  by  amalgamation.  The  principal  vein- 
I  ttone  is  quartz,  which,  in  addition  to  galena,  contains  patches  of 
I  pyrites,  blende,  pyrumorjihitc,  cerussite,  plumbo-resinite,  and 
I  Uoraonite.  Blende  and  quartz  frequently  form  ring  ores,  of  which 
I  lb«  centre  is  blende,  and  fragments  of  the  widl  rock  are  often  in 
I    th<  same  way  encysted  by  an  envehjpe  of  silica,  as  shown  in  Fig.  27, 

I        For  several  years  previous  to  1857  the  average  annual  yield  of 
I    these  mines  was  about  240  tons  of  lithfirge,  120  tons  of  soft  lead, 
I    aiui  1,280  kilogr.  of  silver  ;  the  whole  being  of  the  estimated  value 
of  480,000  francs,  or  £10,200. 

At  Pontp<5an,  near  Rennes,  a  lode  yielding  argentiferous  galena 
aod  blende  has  been  worked  to  a  depth  of  about  eighty  fathoms 
and  over  a  considerable  length,  Thi.s  vein,  which  is  enclosed  in 
«ncient  clay  slates,  runs  approximately  north  and  south  and  is 
nearly  vertical.  During  the  course  of  the  year  1880  the  mines  at 
Pontj)^An  produced  4,184  tonnes  of  argentiferous  lead  ores  and 
1,S01  tonnes  of  blende,  of  the  aggregate  value  of  1,084,700  francs, 
or  £43.388. 

There    are   likewise   veins   of   galena,    which  were    formerly 

worked   near   Saint-Brieuc,   but,    having  gradually   become   im- 

poreriflhed   in   depth,   they  were   abandoned  in   the  year   1700, 

since  which  period  some  of  them  have  been  re- worked  and  again 

abandoned.     The  other  veins  of  lead  ore  known  to  exist  in  this 

"Bgion   are    not   sufficiently    important    to    demand   any   special 

ootice. 

The  Vosoes. — The  deposits  of  argentiferous  galena  of  this 
region,  which  were  wrouglit  at  a  very  early  period,  and  yielded 
coiuiderable  returns  of  lead  and  silver  during  the  course  of  the 
last  century,  are  now  almost  eutuely  abandoned.  Burat  attributes 
•tliig  decay  of  the  mining  industry  of  the  Vosges  to  bad  manage- 
ment and  a  shortsighted  policy  on  the  part  of  former  proprietors, 
and  expresses  his  belief  that  had  the  same  veins  been  situated 
in  Saxony  or  the  Harz  many  of  them  would  have  continued  in 
*ctive  operation  down  to  the  present  day. 


Numerous  veins  of  argentiferous  galena  occur  in  the  neigli- 
bourhooJ  of  Sainte-Marie-aux-Mines,  tlie  principal  of  which  is 
known  as  the  Lacroix  Lode,  and  is  celebrated  for  its  great  breadth 
of  above  sixty  feet,  as  well  as  for  having  been  worked  upon  for 
a  length  of  more  than  two  and  a  half  mites.  The  lode  of  Lacroii- 
aux- Mines  traverses  the  mountain  of  Saint-Jean  at  a  distance  of 
ten  miles  from  Sainte-Marie,  has  a  north  and  south  direction, 
and  dips,  nearly  perpendicularly,  parallel  to  the  junction  of  the 
gneiss  with  a  mass  of  syenite  by  which  it  is  separated  from  the 
lodes  of  Sainte  Marie. 

The  lode  is  chiefly  composed  of  debris  of  the  surrounding 
rocks,  in  which  the  distribution  of  the  ore  is  exceedingly  variable. 
Sometimes  it  occurs  in  strings  or  branches,  which  occaaionaUy 
unite  to  form  a  lode  three  feet  in  thickness,  while  at  others  it 
constitutes  a  sort  of  stockwork,  or  is  disseminated  in  the  form  of 
patche.9  or  bunches.  The  ore  chiefly  consists  of  argentiferous 
galena,  which  is  occasionally  associated  with  other  minerals,  sucl^^ 
as  pyrotnorphite  and  pyrargyrite,  native  silver  being  also  not  ui^H 
frequently  present.  The  average  yield  of  the  galena  for  silver  i^^ 
32  oz.  13  dwt.  8  gr.  per  ton;  and  the  works,  which  were  carried 
on  by  means  of  an  adit  driven  at  the  level  of  the  natural 
drainage  of  the  country,  were  never  extended  much  below  the 
adjoining  valley.  This  vein  is  stated  to  have  been  at  one  period 
extremely  productive,  and  large  quantities  of  native  silver  were 
found  in  the  upper  levels.  The  production  in  the  year  1756  is 
said  to  have  been  1,200  tonnes  of  lead  and  4G,939oz.  of  silver. 

This  lode  was  discovered  in  1315,  and  in  1581  it  was  worked 
by  the  Duke  of  Lorraine  with  very  profitable  results;  but  the 
wars  which  took  place  towards  the  end  of  the  century  caused 
a  suspension  of  the  operations.  In  the  year  ITil  a  lease  of  the 
mine  was  granted  to  a  company  which,  after  working  it  inefficiently 
during  a  period  of  eighteen  years,  again  abandoned  it.  A  new 
company  re-opened  it  in  1755,  but  although  they  obtained  con- 
siderable quantities  of  rich  ore  they  were  unable  to  repair  the 
damage  resulting  from  the  unskilful  working  of  their  predecessors. 
In  1777  the  ore  was  extracted  without  any  proper  regard  to  the 
support  of  the  ground,  so  that  the  workings  finally  became  crushed, 
and  a  company  which  commenced  operations  in  1785,  and  which 
during  many  years  worked  with  intelligence  and  assiduity,  was 
unable  to  put  the  mine  into  a  satisfactory  condition.  The  diffi- 
culties were  subsequently  increased  by  the  revolution  of  1789, 
and  in  the  year  1808  the  right  to  cut  wood  for  fuel  in  the  neigh- 
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bouring  forests,  granted  thera  by  the  Duke  of  Lorraine,  was 
rescinded  by  Napoleon  I.  The  mine  was  ultimately  abandoned  in 
1816.  A  concession  for  Lacroix-aux-Mincs  was  again  granted  in 
1822,  but  all  operations  ceased  in  1833,  and  they  have  not  since 
been  resumed. ^ 

In  the  immediate  vicinity  of  Sainte-Marie-aux-Minea  the  lead 
veins  are  smaller,  and  traverse  the  gneiss  in  an  east  and  west 
direction.  Two  of  these,  namely,  the  Snrlatte  and  the  Esptjrance, 
have  been  worked  upon  for  a  considerable  distance,  but  the  galena 
contains  only  about  one- half  tlie  proijortion  of  silver  which  is 
present  in  that  from  the  Lacroix  veiu. 

At  Giromagny,  on  the  southern  flank  of  the  Vosges,  is  another 
group  of  metalliferous  veins,  which  have  from  time  to  time  been 
wrorked  to  more  or  less  extent.  These  veins,  of  which  the  course 
ia  nearly  north  and  south,  are  enclosed  in  porphyries  and  clay  slates. 
At  Snint-Jean-d'Auxel  there  are  three  hxles  which  were  for- 
merly worked  upon  a  somewhat  extensive  scale,  some  of  the 
excavations  being  still  open  in  1779.  Metalliferous  veins  are 
found  almost  always  wherever  porphj'ries  and  syenites  are  visible. 
At  PlaBcher-le.s-Mine8,  at  Fresse,  and  at  Tenuiay  in  the  Haute- 
Sa6ne,  there  are  quartz  veins  which,  in  addition  to  calcite  and 
fluor  spar,  contain  pyrites,  grey  copper  ore,  and  argentiferous 
{galena. 

The  metalliferous  veins  of  the  Vosges  may  be  divided  into  two 
classes.  The  first,  running  nearly  north  and  south,  comprehends 
tlxe  principal  lodes  of  argentiferous  galena;  while  the  second, 
Coursing  nearly  east  and  west,  includes,  in  addition  to  lead  veins, 
*  large  number  of  quartz  veins  containing  calcite,  fluor  spar, 
^^Werz,  argentiferous  galena,  argentite,  arsenical  cobalt,  native 
^l"«enic,  and  pyrites  which  ia  occasionally  auriferous. 

At  Sainte-Marie-aux- Mines  the  Phaunoux  vein,  which  was 
"'Vorked  at  the  same  time  as  the  Surlatte  and  the  Esp^-rance  lead 
lodes,  yielded  argentiferous  grey  copper  ore  with  jirsenical  cobalt 
^nd  native  arsenic.  The  Phaunoux,  Surlatte,  and  Esp^rance  lodes 
Vkelong  to  the  class  of  which  the  direction  is  nearly  east  and  west. 

The  Selschaft,  Saint-Martin,  Sainte-Barbe,  and  Saint-Urbain 
at  Gii-omagny  yielded  argentiferous  grey  copper  ore  with  sulphide 
of  silver  and  galena  disseminated  throughout  the  veinstone  in  such 
a  way  as  to  require  stiimping.  At  Saint-Daniel,  on  the  other 
side   of   the   Auxelle  Mountain,  the  alirues   resulting   from    the 

*  H.  Landrin,  "  Du  Flomh.  de  ion  £tat  dnni  1»  NAtnrw,  de  son  Exploitatinn,  de 
,  HetftUargie  et  son  Emploi  d*nfi  les  Arts,"  Paru,  I8S7,  p-  161. 
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treatment  of  the  ores  cootained  copper,  lead,  and  a  considerable 
amount  of  silver.  The  mountains  separating  Giromagny  from 
Plancher-les-Mines  are  traversed  by  numerous  veins  running  in 
almost  every  direction,  all  of  which  contain  ores  of  lead,  copper, 
and  silver. 

In  addition  to  veins  yielding  the  metals  above  enumerated,  thi 
Vosges  contain  extensive  deposits  of  iron  ore.   The  most  important 
of  these  is  situated  in  the  mountain  of  Framont,  near  the  contact 
of  a  central  mass  of  porphyry  with  beds  of  schist  and  limestone, 
which  it  has  uplifted  and  displaced.    In  this  locality  red  hsematitdi 
mixed  witli  specular  iron  ore  forms  a  contact  vein  of  from  tifteea 
to  thirty  feet  in  thickness  surrounding  the  central  mass  of  porphyry. 
The  limestone,  where  it  comes  in  contact  with  this  ore,  is  eithe 
converted  into   crystalline   marble   or   transformed  into  granulj>J 
dolomite. 

A  large  number  of  metalliferous  deposits,  in  a<ldition  to  tlio^i^ 
above  enumerated,  occur  in  various  parts  of  the  Vosges,  but  th.ey 
are  seldom  of  an  extensive  character,  and  with  but  few  exceptions 
they  are  unworked. 

Centiul   France. — The   plateau   of  Central   France,  wl:^c\i 
comprehends  the  mountains  of  Forez  and  Auvergne,  as  welBfc     *» 
those    of  the    Cevennes   and   Lozere,  contains  numerous  vein.^^^  o^ 
argentiferous  galena,  some  of  which  -are  extensively  worked  ^^ 

have  yielded  large  quantities  of  lead  and  silver. 

At   present   the  most   important  argentiferous   lead    mini 
France  is    Foutgibaud,  which  is  situated  at  the    foot  of  a 
of  mountains  four  and  a  half  miles  north-west  of  Clermont,  P*^— *^ 
de-Dome,  and  on   tlie   road    from  that  town   to   Limoges.     '_"'      ^1 
rocks  traversed  by  the  lead  lodes  in  the  vicinity  of  Pontgibs-*::^ 
are  principally  granite,  gneiss,  and  schists,  often  broken  throi»'*^^ 
by  djkes  of  porphyry,  and  frequently  covered  either  by  sheet^^t-^^^ 
basalt,  beds   of  cinder,  or   by  flows   of  lava,   from   neighbou 
extinct  volcanoes.      Two  extensive  lava-flows,  issuing  respectiv-«i^^  vi 
from  the   Puy-dc-Louchaditre  and  the  Puy-de-D6me.  unite 
the  smelting-works  at  Pontgibaud,  and  flow  together  for  a   c 
siderable  distance ;  while  the  River  Sioule,  which  is  in  the  immedL^^i^a 
vicinity  of  the  works,  fl<.iws  over  a  sheet  of  basalt,  which  on  on£=^  of\ 
its  banks  is  seen  to  be  directly  covered  by  a  flow  of  lava.     TL.*^  eae  j 
volcanic  phenomena,  formerly  so  active,  are  now  represented  onljr^     bj 
occasional  mineral  springs,  and  by  an  abundant  evolution  of  c^-xr- 
bonic  acid  gas,  which   occasionally  presents  a  not  inconsidera-t/e 
obstacle  to  the  working  of  some  **^  mines. 
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Tlie  veins,  of  which  tliere  are  several,  have  a  general 
tfrectioa  of  alxjut  N.E.  and  S.W,  The  veinstone  of  one  only 
of  iheso  lodds  consists  chieBy  of  qtmrtz,  that  of  all  the  otliers 
lieins;  principally  composed  of  a  felspathic  rock,  differing  but 
slightly  from  the  enclosing  granite  and  gneiss. 

Near  the  surface  the  veinstone,  as  well  as  the  enclosing  rock,  is 
usually  more  or  less  decomposed,  but  at  greater  depths  they  become 
gnhdually  harder  and  less  altered.  The  lodes  fronuently  contain 
mlpliate  of  barium,  wliich  is  often  weli  crj'stalitzed,  but  this 
jnin^ral  is  only  plentiful  near  the  surface,  and  almost  entirely  dies 
out  iu  depth.  The  quartz,  which  often  accompanies  the  galena,  is 
00  the  contrary  more  abundant  in  the  lower  levels  than  nearer 
the  surface. 

The  felspathic  quartzose  rock,  which  constitutes  the  most 
ibundant  veinstone,  usually  cont'iins  less  mica  than  the  sur- 
ronnding  granite  ;  but  this  is  not  invariably  the  case,  partiinihirly  in 
large  expansions  of  the  veins,  where  the  ore  often  appears  dis- 
seminated in  a  somewhat  decomposed  granite.  It  is  also  to  be 
remarked  that  the  sterile  parts  of  the  lodes  are  usually  better  defined, 
and  are  more  frequently  separated  from  the  country  rock  by  clay 
selvages,  than  are  the  more  metalliferous  portions  of  the  same 
Tein. 

The  galena,  which  is  always  rich  in  silver,  assumes  various 
ibrnta:  sometimes  it  is  extremely  fine-grained  like  steel,  at  others 
it  is  lamellar,  and  less  frequently  it  is  found  in  the  fonn  of  well 
defined  crystals.  The  ore  seldom  fonns  bands  parallel  to  the 
walls,  but  is  usually  disseminated  through  the  veinstone  either  as 
small  branches  or  as  detached  grains ;  the  country  rock  likewise 
often  contains  branches  and  spots  of  galen;],. 

The  galena  is  often  accompanied  by  a  little  blende  or  iron 
pyrites,  and,  less  fre(iuently,  by  patches  of  fahtorz.  The  mineral  is 
chiefly  foun<l  in  shoots  which,  without  ha\4ng  a  large  horizontal 
extension,  holii  downwards  to  considerable  depths,  while  the  intervals 
of  unproductive  ground  are  generally  much  longor  than  the  courses 
of  lead  ore.  There  are  also  cross-courses,  composed  almost  entirely 
of  clay  and  seldom  containing  lead  ores,  which  traverse  and  displace 
the  metalliferous  loiJes.^ 

Ancient  workings,  respecting  the  origin  of  wliicti  there  are  not 
even  any  traditions,  afi"ord  evidence  of  the  mines  of  Pontgibaud 
ha\iing  been  somewhat  extensively  wrought  at  a  very  early 
dale. 

RiTot  and  Z«ppcDfeld,  Annak*  (i«t  Mine*,  vol.  iriii.,  1850, 
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A  meuioir  by  M.  Gaeoyreao,  paMiAnd  m  1822,  fonuahes  some 
ytegj  isterasdag  deUib  r^ative  to  the  bislofy  of  earlj  minii^  in 
tLe  neigfabooiiiood  of  PoiitgifaMid.' 

The  most  aadent  documents  reladTe  to  thcoo  miDes  are  !'•''--'>« 
pateot  granted  ITth  Sefttember,  1554,  to  tlteSetgnenrde  Ia£i 
hj  Henxy  IL,  for  woAii^  the  nines  of  Combes^  Booite,  and   J 
Batbecot.      In  1739  the  woriung  of  these  mines  was  ondeataken  1 
bjr  M.  Dulnde  of  Pootgiband,  and  afterwaids  by  the  Cli^MMkt  J 
Company.     In    1781    the   wocks   wexe  raoommeaced   by 
Eog^Tm  and    Daiae;   vbo    fotmed    an    aworiatioo    called 
Compagnie  da  Lyonnais.      Tbe  operations  were  carried  on  until 
1792,  when  the  works  were  abandoned  in  oaoseqaenoe  of  political 
erents  which  canted  many  menben  of  the  asMctatioa  to  l^re  the 
oountiT.      From  this  time  the  mines  remained  vnworked   until 
1826,  when  they  were  re-opened  by  IL  de  Pontgibaad  under  the 
direction   of  the  oelebcated   IL  Foomet,  who   was  succeeded  by 
M.  Loapot,  who  remained  in  ebaige  of  the  works  ontfl  the  year 
1844.    In  1836  the  mines  were  pfarchaaed  by  a  SceiM  en  Cum- 
wumdiU  bearing  the  title  of  Alpbonae  PaOn  eC  (Se,  who  in  1852 
tnnsfesred  them  to  an    English    company,   who    entrasted   the 
technical  management  to  IfesBrs.  John  Taylor  and  Sons  of  London.. 
Since  that  date  the  mines  and  smelting  works  have  progressed 
steadily  and  satti&ctorily,  and  have  in  the  aggregate  yielded  Luge 
profits.    Their  present  greatest  depth  (I8SS)  is  110  &thoms,  the 
workings  being  confined  to  the  mines  of  fioore,  St.  Denis,  Hioche, 
La  Broasse,  and  PranaL 

The  quantity  of  ore  treated  at  the  Bsadtiiig  wotka  dnnng  the 
finaiw-titl  3rear  1879-^  amounted  to  3,097  tons,  of  which  2.806 
came  from  the  mines  of  Fontgiband,  while  the  remaining  291 
tons  were  porchaaed  orcs^ 

These  ores  yielded  .-—sflver.  174,012  obl,  vafaie  £41,359  ;  lead, 
1,424  tons,  value  £21.469.  The  (jnantity  of  ore  smelted  and 
dedlverized  during  the  year  1880  81  was  2.902  tons,  of  which 
2,717  tons  were  the  prodnoe  of  the  Company's  own  mines^  and 
185  tons  were  pmcnned. 

The  pradnctaMi  of  the  smdting  works  was . — silver,  158,340  os^ 
ralne  £39.952;  lead,  1,044  tons,  value  £16,233. 

The  lead  ores  of  Fontgiband,  althoogh  rariabie  in  this  respect, 
are  always  rich  in  silver,  nsnalty  nontain  abore  one  ounce  of  that 
metal  for  each  unit  of  lead  present,  so  that  50  per  cent  ores  wiU 
above  50  os.  of  silra-  per  ton,  and  the  lead  flowing  from 
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le  smelting  furnace  will  always  yield  considerably  above  100  oz. 
silver  jjer  tou. 

The  mines  of  Vialas  and  Villefort  are  sitaated  in  tbe  depart- 
Loz^re,  but  the  veins  of  the  first-named  locality  only 
worketl.  The  granitic  mass  of  Loz^re  is  on  all  sides 
sanoanded  by  mica  schists,  which  gradually  pass  into  clay  slates, 
and  constitute  the  true  metalliferous  rooks  of  the  district.  These 
jpchists  are  in  some  places  covered  by  more  recent  rocks,  such  as 
\xe  Coal-measures  of  Grand  Combe  and  Bessfeges,  and  occasionally 
strata  of  Triassic,  Liassic,  and  Oolitic  age.  All  the  veins  which 
fcve  been  explored  in  these  schists  have  been  found  to  continue 
down  into  the  granite,  where  they  become  contracted  into  mere 
igs  of  from  half  an  inch  to  an  inch  in  width,  and  which 
ansequently  do  not  admit  of  being  a.dvantageou3ly  worked.  In 
iny  cases  lodes  which,  at  the  surface,  appeared  only  as  narrow 
'figures  containing  little  or  no  mineral,  in  depth  produced  con- 
sidenible  quantities  of  argentiferous  galena,  while,  on  tbe  other 
iliaod,  comparatively  rich  outcrops  of  lead  ore  have  gradually 
dwindled   and   finally  disappeared. 

The  different  groups  of  veins  and  fissures  found  in  the  neigh- 
bourhood of  Vialas  are,  in  the  followiug  table,  given  in  the  order 
of  ibeir  respective  ages,  as  indicated  by  their  intersections ;  the 
Jirsf^mentioned  being  tbe  oldest,* 


Onisp. 

I.  Veins  .   . 

nreatlon. 

Group. 

Dlreotlon. 

.    E.  11*  N.  True. 

6. 

Veiua  . 

.    N.  26-  E.  True 

2.       .. 

.    E.  330  N.     „ 

7. 

If     ' 

E.  18-N.     .. 

s.     ..    .  . 

N.  «'E.     „ 

8. 

.    N.  40'  W.    „ 

4.       ..     .    . 

.  w.ao°N.    „ 

9. 

FUaurea 

.    N.  18"  W.    „ 

6.       ..     .    . 

.    8.    3'E.     „ 

* 
PI 

.    8.  83°  E.      „ 

"     In   addition  to  the  above,  considerable  displacements  of  the 
Country  rock  have  taken  place  from  east  to  west. 

The  veins  of  Group  1,  which  are  not  numerous  but  tolerably 
■wide  and  well  defined,  dip  towards  the  south  at  an  angle  varying 
from  75°  to  80°. 

Lodes  belonging  to  Group  2  are  the  most  important  of  those 
which  occur  in  the  vicinity  of  Vialas,  comprehending  as  they  do 
all  the  more  productive  metalliferous  deposits  of  the  district. 
They  all  dip  to  the  south  at  angles  varying  from  60"  to  80°,  but 
^t  would  be  difficult  to  state,  even  approximately,  their  average 

Bivot,  "  Sur  les  Filonade  Gftliiie  Argentifere  do  Vialu,"  An-naUs  dea  Mines, 
..  iv.  1863,  p.  329. 

»  The  rektire  aRe  of  these  figsuws  not  being  det*niiined,  it  haa  not  been  thought 
lie  to  aasijfn  them  a  number. 
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width.    Tbe  barreii  portions  of  then  lodes  are  nsuallj  very  nai 
wbUe  their  richer  parti  are  often  without  well-defioed  walls, 
tbe  ore  ettber  exteiwU  toto  tbe  eocloatng  schists,  or  the  lode 
eonpoted  of  a  number  of  reticulated  veins  at  varying 
■fwrt. 

Tbe  veins  oonstitating  Group  3  are  not  numerous,  and 
of  bat  little  importance  excepting  as  regards  their  diapli 
other  lodtai;  they  dip  towards  the  south  at  angles  vaiying 
70'  to  80'. 

The  veins  of  Group  4  are  generally  larger,  and  more  distinrti; 
defined,  than  any  of  tlje  others ;  they  are  seen  in  all  the  scbistoge 
region  mirrounding  the  central  mass  of  granite,  and  often  appew 
a«  quartzose  outcrops,  8tan<liDg  forty-five  feet  above  the  surface  of 
th«;  ground,  and  may  be  followed  for  long  distances. 

Veins  belonging  to  Group  5  are  very  numerous,  and  some  of 
th«'m  hav(»  been  well  exposed  in  the  various  workings.  They  dip 
at  an  angle  of  85"  towards  the  west,  and  have  smooth  and  well- 
diifined  wftlls.  They  vary  in  width  from  two  to  seven  feet,  and  are 
UMUftlly  romiMmed  of  a  carious  ijuiirtz,  whioh  is  generally  white,  bul 
is  sometimes  staiucd  brown  by  oxide  of  iron.  Those  veins  do  not, 
as  a  rule,  contain  anyone  excepting  at  their  intersection  with  oUieni, 
but  in  such  situations  deposits  of  galena  rich  in  silver  sometim  > 
occur. 

The  veins  belonging  to  Group  6  are  numerous.  Tliey  dip 
towards  the  south-east,  and  nre  conijx).sed  of  sjntnj^y  femiginous 
(luiixtz.  They  have  usunliy  well-ilofiiied  walls,  which  are  sonieliiniJt 
separated  from  the  veinstone  by  a  selvage  of  plastic  clay  of  n 
ilark  colour. 

Heavy  sjmr  forms  the  exclusive  veinstone  of  Group  7.  tbe  veins 
of  which  (lip  towitfds  the  south. 

The  veins  of  Group  8  dip  towards  tlie  south,  are  chiefly 
com{)(»8e(l  of  ttjtniiiinnted  schists,  and  are  usually  barren. 

(Sroup  9  is  represented  by  a  number  of  nearly  vertical  fissi 
without   slickensiJcs,  which   divide  all    the  veins  of  the  prece 
ing  groups,  and  sometinies  disjdiu^e  them  for  a  distance  of  aboi 
a  yard.     Some  fissures  coursing  S.  83°  E.  contain  no  filling  of 
kind,  dip  west  at  an  angle  of  about  45',  and  appear  to  be  of 
particular  iuipirtntice. 

The  periml  at  whiih  the  niiiios  of  Yialns  were  first  work 
is  somewhat  unrortain,  but  that  they  were  wrought  at  an  ei 
date   is   evident   from  the  fact   that  some   of  the  more  Hnct 
excavations  bear  evi'*''~~»  of  having  been  made  by  the  aid  of  firew 
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Tliein''>re  modern  workings  were  commenced  In  1781  upon  some 
pnxluctive  outcrops  which  about  that  time  were  accidentally  dis- 
covered, and  smelting  works  were  established  at  Villefort  for  the 
treatment  of  the  argentiferous  galena  produced  in  the  immediate 
nciglibourhood.  In  1S27  these  mines  were  abandoned,  and  the 
works  were  removed  to  ViaJas, 

The  annual  production  of  silver  in  this  establishment  has 
generally  varied  between  22,300  and  ^$2^150  oz.,  but  in  1856  it 
reached  48,225  oz.  In  1861  and  1862  the  yield  was  61.278  oz. 
and  62,0+9  oz.  respectively. 

During  the  latter  year  the  production  of  work  lead  was  367 
tonnes;  and  1,930  kilogr,  of  silver  were  obtained  from  370  tonnes 
of  lead.  The  work  lead  consequently  contained  167  oz.  of  silver 
per  tonne. 

In  1880  the  only  mine  besides  Vialas  working  in  the  Department 
of  Loz^re  was  Ispagnac,  the  yield  of  both  during  the  year  being 
returned  at  577  tonuos  of  prepared  argentiferous  lead  ore,  of  the 
estimated  value  of  177,067  francs  or  £7,106. 

Numerous  metalliferous  deposits  occur  in  the  valley.s  of  the 
Aveyron  and  Tarn,  in  tlie  neighbourhood  of  Villtfranche  and  Millmu, 
These  usually  contain  argentiferous  galena,  accompanied  by  calamine 
and  by  various  ores  of  copper.  The  mines  of  this  district  were 
worked  by  the  Romans,  and  in  the  tenth  and  sixteenth  centuries 
are  said  to  have  yielded  considerable  amounts  of  silver,  resulting 
iu  the  establishment  of  mints  for  the  coinage  of  tiiat  metal  at 
Rodez  and  at  Villefranche.  These  mines  are  stated  to  have  been 
abandoned  in  consequence  of  the  religious  wars  by  which  the 
country  was  devastated  from  1560  to  1597. 

The  ancient  copper  mines  of  Chessy,  situated  in  the  Department 
of  the  Rhone,  ten  miles  north  of  Lyons,  on  the  left  bank  of  the 
River  Azergue,  are  famous  for  having  funii.shed  the  magnificent 
specimens  of  blue  carbonate  of  copper,  hence  known  as  chcsay/ile. 
Crystalline  and  metainorphic  rocks  here  occur  in  immediate  contact 
with  Bunter  Saud.stoni;,  -which  i.H  overlain,  with  a  steop  sout h-easf«rly 
dip,  by  limestones  of  Liassic  age.  The  more  ancient  rocks  consist 
of  granite,  gneiss,  mica  schist,  and  aphanite,  knowTi  to  the  miners 
"  homstone,"  which  predominates  in  the  immediate  neighbour- 
,  of  the  metalliferous  deposits.  The  general  mode  of  occurrence 
copper  ores  at  Chessy  will  be  understood  on  referring  to 
Figs.  58,  59,  after  drawings  by  M.  Raby,  formerly  manager  of 
the  mines.' 

•  Amuilen  ilex  Mint*,  vol.  iv.  1&33,  p.  393. 
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Four  different  kinds  of  copper  ores  were  formerly  obtained 
from  this  locality,  namely,  yellow  copper  ore  mixed  with  inn 
pyrites  containing  from  15  to  20  per  cent,  of  copper,  known  ai 


Flo.  M.— Copper  on  depoiil,Chau7 ;  tratuvene  leetioii  on  c,  d,  e.  r. 

mine  j'aune ;    melaconite    intimately  mixed    with    iron  pyrites; 
yellow  copper  ore,  silica,  and  various  other  substances,  known  at 


Fio.  69.— Copper  or«  dei>oalt,  Chessy  ;  horlwnUl  lection  on  i.  B. 


mine  grise  or  mine  noire;  cuprite,  mine  rouge,  disseminated 
the  form  of  laminae  and  crystals  through  a  red  clay;   azurit^ 
blue  carbonate  of  oo"**^   «*«iu  bl«ut,  found  either  in  veins 
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ii^eeminated  in  irregular  concretions,  and  when  crystallized  con- 
taining about  70  per  cent,  of  copper. 

The  mine  jaune,  consisting  of  mixed  sulphides  of  iron  and 
>pper,  marked  a  Figs.  58,  59,  was  found  only  in  the  aplianite, 
-where  it  formed  one  large  mass  which,  commencing  a  few  yards 
only  below  the  surface,  extended  downwaid  to  a  depth  of  100 
fatlioms.  This  deposit  was  flattened  in  the  direction  of  the 
bedding  of  the  Mesozoic  rocks,  towards  which  it  dipped  at  an  angle 
of  66°  with  the  horizon.  Its  greatest  thickness,  taken  at  a  depth 
of  sixty  feet  from  the  surface,  was  about  forty-six  feet,  and  its  total 
length  100  fathoms.  This  mass  of  mineral  was  on  all  sides  sur- 
rounded by  more  or  less  decomposed  aphanite,  from  which  it 
was  not  separated  by  any  wall  or  selvage,  the  two  materials  being 
intimately  mixed,  and  the  one  becoming  gradually  replaced  by 
le  other. 
The  mine  grise,  h,  and  mine  noire,  e,  were  found  in  the  form 
of  separate  rounded  masses  enclosed  in  a  wedge-shaped  bed  of 
eyish  rock,  which  is  interposed  between  the  aphanite  on  the 
le  aide,  and  tlie  sandstone  on  the  other.  The  largest  of  these  ore 
occurritig  in  this  rock,  which  has  perhaps  been  produced 
by  the  decomposition  of  aphanite,  had  a  length  of  36  feet,  a 
breadth  of  9  feet,  and  a  depth  of  1  o  feet. 

Tlie  mine  range  was  found  disseminated  in  a  vertical  bed  of 
plastic  clay  of  a  reddish  colour,  rf,  where  it  was  sometimes  associated 
with  a  small  quantity  of  native  copper.  This  deposit  commenced 
at  the  same  level,  and  ceased  at  the  same  depth  as  that  of  the 
blue  carbonates. 

The  carbonate  of  copper,  mine  hleue,  represented  in  the  woodcuts 
the  lines  of  shading,  e,  was  found  only  in  the  beds  of  sandstone 
id  in  certain  veins  of  clay  with  which  they  alternate.  It  usually 
icurred  either  in  the  forms  of  geodea  lined  with  crj'stals,  or  in  that 
i»f  nearly  solid  nia.sses  having,  in  the  majority  of  cases,  a  small 
kvity  in  their  centre,  but  less  fre<]ueiitly  it  was  concentrated 
veins  parallel  to  the  stratificatiou  of  the  sandstone.  The 
rgest  of  these  veins  had  a  horizontal  length  of  300  feet,  a 
thickness  of  eighteen  inches,  nud  a  depth  upon  its  underlie  of 
about  ninety  feet. 

With  regard  to  the  origin  of  these  ores  M.  Raby  remarks  that 

the   copper  found    at   Chessy   was,   without   duubt,  originally 

leposited  in  the  state  of  mine  jaune,  and  probably  at  the  same 

brae    as    the    more    ancient    rocks.      Some    of    the    masses    of 

is  ore  were   subsequently   converted   by  chemical   action    into 
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mine  grue  or  mine  noire,  while  ulhcn  %rere 

tike  K-MiaogMPept  of  tbdr  eiemanU  gnw  nm  lo  Ae  l 

mlM  nm3$  and  mtn<!  6/«>«;. 

Id  the  Dcighbuurhood  of  Saint-Be],  a  riUage  mx 
of  ChoMxy,  itituaLml  u!>  the  lirevenne,  a  anaO  fiver 
till'  uurth-taut,  Uiort?  w^tru  funuerl}'  cupper  m 
to  thoAo  once  worked  in  the  laat'oanuxl  localhjr.    Tbe  gaai 
thii»  diiitrict  chiinges  iato  gnotss,  whkh  moo  Jiaijuirani  logite 
to  mica  nchint  occontpaiiiud  by  chiy  dates  axkd  afAaniip     Hie 
rock  fonns  bods  of  very  varying  extent,  mmie  of  which  are. 
Ait  TuurhiLs  niiu4y  fi;et  iu  thickoeas,  and  alternaU;  with  bed*  of 
i!chi»t  or  cl/iy  shili'. 

ThuM,  of  wliich  the  strike  is  from  north-cast  to  soath-veM,  ire 
vt>ry  ncariy  vf^rtind,  and  aMuxtiatcvl  with  tiiom  is  a  parallel  faedcf  %, 
friabl«>  uiirttious  white  schist,  in  which  the  whole  of  tbe  Wffft 
occ\m\}{\  vka  thin  veinn  of  chalcupyrite  following  the  direction  of  da 
plaiK^A  of  Niratiticutiou.  This  formation  cxtondB  for  a  cmHidenliie 
diHtaiin',  liiit  \»,  in  many  places,  covered  by  rocks  of  more  neeA 
.origin.  Tin-  prinoipal  de|ioBita  formerly  worked  in  the  neighbosr- 
bood  of  Sttiiit-Hul  were  thoHo  of  Ciieviuay,  Pylon,  Soanaeoz,tnl 
Oorvais.  Like  those  ia  the  Chessy  district,  all  these  minefl  bare 
.JoDgoeasod  to  bo  wrought  for  copper.  Tlie  only  mining  now  being 
6arriod  on  in  the  di.Htrict  i.s  for  imn  pyrit<^  to  be  employed  m  th« 
manufacture  of  Bulphuric  acid.  The  total  produclioD  of  this  mioenl 
in  France  in  the  year  1S80  an]ouut<^<d  to  182,288  tonnes 
aggregate  value  of  £S;},812;  of  this  amount  93,000  toi 
obtniiKMl  fnmi  Saint-Bel. 

TfiK  PyiiknkI'S.— The  Pyrenees  abound  in  deposits  of  iron  oi 
which  occurH  ImiIIj  in  tlie  form  of  siderite  and  hsematite;  tbey 
not,  liowi-vir,  yield  any  large  amount  of  the  ores  of  the  otbw 
metals,  altliough  niiuirig  for  load  and  copper  was  formerly  carri^ 
on  al  vtiriiiuH  (Htiiits.  ^ 

Tltu  nioHt  iuipnitant  leail  niiiiirs  ut  present  in  operatic' 
aro  thow  nf  Si^ntein,  sitmited  in  the  cjuiton  of  Castillon,  Ari^^' 
ut  an  elevation  of  G.8SS  R-ut  above  tlie  sea  level,  and  worked  ^ 
galleries  driven  on  the  course  of  the  lode  from  the  side  of  tM 
m(iuntji,in.'  " 

The  (It'jumit  is  a  contact  Uxle,  with  Mountain  Limestone  as  <-• 
f(i(p|  wall  iirid   Mchiat  a.s  the   hanging  wall.     The  direction  of 
niiiKnti-boariiig  portion  is  N.  10"  K,  with  a  westerly  inclination  at 

■  I  am  indnbtcKl  to  Mr.  Ernont  dii  H.  I.ukis,  of  St.  Fiacre,  for  the  infoniMl 
mlntivK  to  the  8i<iit«iii  MIiiik. 
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^■^ogle  of  about  60°.  The  lode  consists  of  quartz,  calcite,  capel,  &c., 
^^Lnd  the  upper  portion  carries  a  gossan  next  the  banging  wall, 
^Birbich  contains  rich  deposits  of  carbonates,  sulphates  and  sul- 
^Kphidea  of  lead,  together  with  blende  and  calamine.  The  lower 
^Bpi>rtioa  is  a  strong  lode  of  quartz,  &c.,  containing  galena  mixed  with 
^■bleudo. 

^M  Tlie  district  at  the  base  of  the  mountains,  reaching  to  an 
^■elevation  of  from  3,280  to  3,93G  feet  above  sea  level,  consists  of 
^B^hist.  Tbis  is  covered  by  limestone  varying  from  164  feet  to 
^Bse^eml  hundred  feet  in  thickness,  above  which  is  an  irregular  layer 
^Bpf  schist.  The  ore-bearing  lode,  which  occurs  between  the 
^Mcbist  and  the  limestone,  may  be  traced  for  a  great  distance  along 
^■li«  ridge  of  the  mountains  following  the  hors&shoe  curves  of  the 
^Btrata.  Above  the  schist  is  another  limestone  whicii,  with  quartz, 
^mbrma  the  peaks  of  the  mountain.  This  quartz  does  not  contjiin 
^poid,  although  the  galena  sometimes  gives  as  much  as  3  dwt.  of 
^Btie  gold  per  ton. 

The  lowest  strata  of  schist  contain  poor  lodes  of  co]>pcr  pyrites 
jj^xtd.  some  carbonate  of  copper,  with  bands  of  ironstone.  Haimatite 
Hb<l  deposits  of  blende  are  met  with  near  the  summit  of  the 
»^uige,  but  are  not  workable. 

The  galena,  enriched  by  mechanical  means  to  78  per  cent,  of 
Tnetallic  lead,  gives  580  grammes  of  silver  or  about  18^  oz.  per 
^tapnne.  The  carbonate  of  lead,  at  72  per  cent,  of  metallic  lead,  but 
^•ontaining  a  little  sulphide,  yields  800  granimes  of  silver  per  tonne, 
^■^ery  little  silver  is  lost  during  the  mechanical  treatment  of  these 
^Vires.     The  blende  contains  no  silver. 

The  annual  production  of  the  mines  varies  very  much,  owing 

Ilo  the  inclemency  of  the  weather  at  the  altitude  at  which  they  are 
situated.     In  1882  there  were  sent  to  the  dressing   floors  about 
11,500  tonnes  of  crude  ore,  giving  about  850  tonnes  of  marketable 
lead  ore  and  about  1,100  tonnes  of  marketable  blende. 
About  ten  miles  from  Aulus,  Ariegc,  may  be  observed  remains 
of  some  ancient  excavations,  together  with  outcrops  of  metal liforous 
Bdeposits  containing  iron  pyrites  with  traces  of  argentiferous  galena 
™-and  blende,  but  consisting  principally  of  calcite  and  fluor  spar. 
This  mine,  which  is  known  as  the  Argenti^re,  has  been  repeatedly 
worked    at  various   periods,   but   has    now   been   abandoned    for 
many  years.     Amoug  the  ancient  mines  sometimes  spoken  of  in 
^■his  part  of  France  are  those  of  Baigorry,  Baaaes-PyrdntJes,  wblch 
^■brmerly  yielded  a  small  quantity  of  copper, 
^1     The  most  important  iron  deposits  arc  probably  those  of  Ragci^. 
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Tke  paraUeUsm  of  tb**^ 
tbem  for  a  long  tiic^^ 
of  eooAonpcrary  origin,  but  H.  Dufr^Doj;;^ 
tbw'depoRt^  iiJcKwd  to  the  opinio:^  '^ 
took  pbee  Miliaeqiientlj  to  that  o^^ 

The  CuBigaa  ikposi  ezlriliite  the   mode    of    occuxrence  o^V 
OKI  «paa  a  atili  laiger  scale.     A.  mass  of  granite  has   ^ 
the    ■aimaBding    stratified   rocks,    and    along  an     * 
iiBi|W»iUT  aoott,  haviiif;  a  maxhnam  diameter  of  about  ten  miles, 
where  the  two  diffoent  rock*  come  in  contact  with  one  another 
«•  mumtmot  depoatia  of  carbonate  and  oxide  of  iron.     In  this  way 
the  manem    «t   Satire,  Bmas-N^^rofl,   Drogu^re,    Olette,  Fillola 
YeUeatavia,  Saint-Martin,   &c^  are  arranged    around   the  ceutn 
■nan  of  granite.     Numerous  deposits  of  iron  ores  and  of  utfac 
BMtaDiferous  mineraLi  occur  in  the  Pyrenees,  but  they  are  geuerall] 
of  limited  dimensions  and  are,  for  the  moat  part,  unworked. 

The  Alps. — Numerous  deposits  of  iron  ore  are  worked  in  tba^ 
French  Alps,  but  mining  for  the  ores  of  other  metals  is  not  carried] 
on  upon  a  large  scale. 

The  small  but  well-cultivated  plain  which  lies  below  Bourg 
D'Oisans,  Isere,  is  traversed  from  south-east  to  north-west  by 
the  River  Romanche,  and  from  east  to  west  by  the  Olle,  one  of 
its  tributaries.  Immediately  north  of  the  confluence  of  these  two  I 
streams  the  mountains  of  Chalanches,  a  spur  of  the  Alpine  chain, 
rise  to  a  height  of  0,700  feet  above  the  plain,  or  about  9.000  feet 
above  the  level  of  the  sea.  The  upper  portion  of  this  range  is 
composed  of  a  gneiss  in  which  felspar  and  hornblende  are  always 


lant,  although  quartz  and  calcite  are  sometimes  also  plentiful ; 
epidote,  chlorite,  talc  and  mica  are  by  no  means  uncommon, 
rock,  although  occasionally  fine-grained,  more  frequently 
t8  a  coarse  porphyritic  structure,  but  in  the  vicinity  of  veins 
Ispar  and  hornblende,  which  are  elsewhere  present  in  a 
ine  form,  often  graduate  imperceptibly  into  ilie  surrounding 
-mass.  The  beds  present  considerable  undulations,  but  their 
strike  is  nearly  north  and  south  with  a  dip  towards  the 
Near  Allemont,  on  the  east,  the  gneiss  is  overlain  by 
ilendic  schists. 

e  discovery  in  the  year  1767  of  native  silver  in  this  localit 
igotitherd  whilst  in  search  of  a  strayed  kid,  resulted  in  mining 
ttions  which  ultimately  extended  from  a  height  of  4,100  feet 
^970  feet  above  the  level  of  the  plain,  and    necessitated  th^^ 
tion  of  store-houses  and  dwellings  upon  the  mountain  side.       ^| 
Among  the  principal  lodes  which  have  been,  at  various  times] 
ked  at  Chalanches  are  the  fallowing : — * 


FreiiifUn 

liearing  25'    S.  of  E., 

N.  ofW., 

bikI  di 

pping  a.W. 

Co»)fllt 

30°  W.  of  N. 

K.  of  S. 

N.E, 

Simeuu 

35'  W.  of  N. 

E.  of  S. 

N.W. 

Prince 

20°  W.  of  N.. 
20°  N.  of  E., 

E.  of  S. 

E. 

S.  ofW. 

N. 

Hercols 

20^  W.  of  N. 

E.  of  S. 

E. 

Pirou 

25'  E.  of  N. 

W.  of  S. 

8.  E.  and  N.W,. 

Ste.  Hflfenc  ,, 

20°  W,  of  N. 

E.  of  8. 

W. 

Although  these  lodes  generally  measure  but  a  few  inches,  ani 
age  less  tlian  a  foot  in  width,  they  sometimes,  for  short 
luces,  assume  a  thickness  of  as  much  as  2^  feet.  The  veinstone 
closely  resembles  the  enclosing  rock,  conai.sting  of  the  same 
trials  although  in  different  proportions ;  but  containing,  in 
tion,  some  other  minerals.  Quartz  and  calcite  are  always 
lent,  hornblende  is  perhaps  somewhat  less  plentiful,  while 
irite,  tale,  mica,  asbestos  and  epidote  are  found  only  occasiopally, 
in  comparatively  small  quantities.  ^H 

Calcite,  chlorite,  asbestos  and  epidote  are  often  associated  wit^^ 
If  ores,  but  earthy  brown  iron  ore  more  frequently  accompanies 
richer  metalliferous  depo.sits.  The  produce  of  these  veins  prin- 
ly  consists  of  native  silver,  antimonial  silver,  freieslebenite, 
)anite,  pyrargyrite,  and  occasionally  a  little  liom  silver.  The.se 
mis  are  often  accompanied  by  oi'es  of  cobalt  or  nickel,  or  by 
^  and  various  ores  of  antimony,  lend,  and  copper,  are  likewise 
ly  disseminated  through  the  veinstone.     The  Bris^e  Vein  is  a 

"W,  J.  Henwood,  Tram.  €ho.  Soe.  Comtcall,  vol.  riii.  part  i.  1871.  p.  520. 


S6Q 


GBS 


cxon-coune  whidi  difiexs  leai  m 
than,  in  tbia  respect,  they  diSar 
higher  angle  than  any  of  the ' 
the  widoMt  lode  in  thedistzid.     It< 
tcntccts   the  Hercule  JjoAe, 
towonla  the  n;'ht. 

In  the  horublendic  flciiiit*  wkidii 
on  tho  «ottUi-cast,  an  noMnoeoadal  tattl  «M 
E.  35*  N.  and  dippisf;  towaida  the  wait. 
t>iglit«cn  iuch(«  in  width,  and  k 
an<l   i|tiRrtx,    which   is  apoUed   with 
aiid  fip»^cular  iron  ore. 

llieHo  iiiituis  were  worked  at  ao  great 
a  diMtiinr-o  from  every  habitation  tbat^ 
workmen  Heldoiu  visited  their  faanliea 
during  nmtiy  of  the  winter  months  all 
riciiruKt  neighbours  was  entirely  cut  off  by 
miles  in  extent.  In  spring  the  steep  and  iU-made 
tilwayfl  found  to  hnvo  been  rendered  aliDoct  inqMMille  hj  arw_ 
IiinchoH  ntid  tho  gctioral  thnw,  so  that  it  «aa  ueeemuy  to  cofltct  ^ 
tho  mines  during  the  stiniraer  all  materials,  tools,  food,  fad,  &%^ 
ntliiT  n'mii«iti«.s,  for  tlie  winter.  With  the  view  of 
iiiitiiiiiUMi  the  cost  of  carriage,  every  tool  and  trtenal 
ii|Hiii  the  plain  below,  which  materially  added  to  the  nfrfirt^ij 
exjMMiNi'H  of  working. 

The  mines  of  Clialanches  have  been  wrought  at  varioos] 
nuil  the  ores  raised  were  snielle*!  at  Allemont.     From  1767  lo  1' 
liny  were  worked  on  account  of  the  Government;   from  17761 
17!>ii  by  tho  Cointo  do  Provence,  afterwards  Louis  XVIII., 
from  17!)2  to  18118  again  on  account  of  the  Government.     All 
Ht'<]uonl  workings  which  have  l>een  untlertaken  by  various  le 
havr.  without  exception,  rcsidtod  unsatisfactorily. 

From  17(i7  to  1H03  the  <iuantity  of  silver  extracted  amounted  I 
2.''),n2G  Iha.  trny,  of  the  value  of  £83,039,  while   the  general 
pcudituro  wjia  X7o,G36.     The  net  profit  realiseil  in  thirty-six  y< 
was   therefore  Xh,3()3,  equivalent  to  an  average  profit  of  ab 
£230  I2«.  Od.  pv-rnniumi. 

The  mine  of  CVrt'sicr.  Alpes-Moritimes.  worked  by  the  Soci< 
ilcH  Mines  du  Var,  nt  the  present  time  prcxluces  a  laiger  amouat:- 
rojijRT  ore  than  any  other  in  France.     In  the  year  1880  the  pi 
<liietion  amounted  U)  8,000  tonnes  of  an  ore  containing  about 
j)er  cent,  of  copper  in  the  fonn  of  chalcocite.      Of  this  amoo 
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10  tonnes  were  coacentrated  as  a  preliminary  to  being  treated 
i»  process  for  the  extraction  of  copper  by  lixiviAtioQ. 
Excepting  the  ores  of  irou,  the  amount  of  vbidi  has  been  winmAj 
^'-'d  (p.  233),  the  production  of  metallifeious  minerals  daring  the 
•r  1880  was  as  follows  :— 


FBOAucrtON  IS  Fkarci  or  MKTALurseouK  Mi>-ek4i;$  oraKE  tojuc  laos  OaJb^ 

DURING  THZ  TXAB  1880. 


DeMTipUoD  of  Ore. 

Weight. 

VaJoe. 

Lead  uid  silver  ore        .   . 

IJop|i«r  ore 

Zinc  ore    .... 
tfAnganeM  on.' 
Antimony  ore         ,           . 
Iron  P>rit«8    .       ... 

Tmnck. 

13,M0 

8,649 

12,180 

9,652 

1.214 

132,288 

rnne*. 

8,229,380 
149,4M 
385.422 
532.718 
243,440 

3,0»5.2«« 

1 

*           1 

120.175 

5,977 

15,417 

2),30S» 

9,737 

83.8ia 

TotaU 

177.082 

e.6S5,«e4 

S«ft.l27 

BELGIUM. 

Taking  into  account  its  limited  area,  Belgium  is,  in  re.spect  to 
fca  mineral  wealth,  one  of  the  most  productive  countries  of  the 
^^r'orld.  Coal,  iron,  lead,  and  zinc  ores  constitute  its  chief  mineral 
resources,  but,  in  addition  to  these,  it  furnishes  numerous  valuable 
mineral  substances  employed  either  as  building  material,  for 
*fcgiicultural  purposes,  or  in  the  arts  and  maiiufnotures. 

Ibon. — The  iron  ores  worked  in  Belgium  are  haematite,  liraonite, 
'i'tid  clay  ironstone.    The  latter  is  sometimes  associated  with  limonite, 
V)ut    also  occurs    in    independent    dep<jsits,  which    are,    however, 
usually  too  small  t«  admit  of  being  worked  with  advantage. 

Haematite  occurs  in  various  conditions  and  on  very  different 
geological  horizons,  but  that  which  is  almost  exclusively  employed 
is  in  the  form  of  oolitic  or  piaolitic  grains.  In  this  state  it  forms 
important  deposits  in  quartzose  schists  which  imderlie  the  Coal- 
^^  measures,  and  crop  out  on  both  sides  of  tjje  valley  containing  the 
^H  t«jiL  The  principal  iron  mines  are  situated  on  the  north  side  of  the 
^H  valley  where,  in  the  neighbourhood  of  Vedrin,  there  ai-e  four  distinct 
^BnWM  of  ore,  respectively  2}  inclies,  4  incites,  8  inches,  and   1 1  ^ 
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indiM  ta  thirfcaiw^  forming  with  the  intercalated  schlsta  « 
BMrijr  fear  fMi  thick. 

Ai  MwAwilaWo  there  are  five  strata  of  iron  ore  vsiyid 
thickncM  from  4  to  8  iaehet ;  while  at  Yille-en-Woret  therQ; 
foar  beds,  two  of  which  vary  from  8  to  20  inches  in  thic-ki 
which  with  the  intentratified  Bchisbs  form  a  group  of  about  twe) 
four  feet.  At  Hoiusoia,  near  Yezin,  the  liaematite  attainj 
thickoen  of  about  seven  feet  The  beds  of  hseniatite  are.  at  ta^ 
points,  intflnected  by  veins  and  faults,  in  the  vicinity  of  wiiicli  i 
the  ore,  as  well  as  the  enclosing  schists,  are  not  unfrequa 
impn^gnatcd  with  pyrites,  galena,  and  other  uietallic  sulphidei 
which  the  quality  of  the  former  is  more  or  less  impaired, 
workings  along  the  outcrop  on  the  south  side  of  the  vallcj,* 
much  less  important  than  those  on  the  north.  The  principal  ng 
are  near  Huy.  where  there  are  two  layers  of  hsematite  bavi| 
united  thickness  of  little  less  than  four  feet,  separated  by  about; 
foot  of  shale.  The  average  yield  of  these  haematites  is 
40  {KT  cent  of  metal, 

Liiiitinite  occun  in  various  forms,  .ind  in  deposits  of 
fun^ut  giMilogical  age.  In  the  more  recent  formations  it  is  foun 
beds,  sonietiinc*  above  three  feet  in  thickness,  reposing  in  depreai 
in  argilliu'oous  sand.s  niaitdy  situated  along  the  banks  of  the  t^ 
Hemer,  th<<  two  Nythos,  and  their  affluents.  The  ore  from  i 
dc]M)sit8,  which  are  concretionaiy  and  porous,  contain  about 
per  cent,  of  iron,  with  a  considerable  amount  of  phosj>horns, 
thoy  are  oasily  reduced.  A  siliceous  limouite,  containing  phos]>hi 
is  worked  in  a  Quaternary  formation  near  Qu^vy,  in  the  provinj 
Hainault.  This  ore,  associated  with  an  argillaceous  sand,  foil 
bwl  frnrn  3  to  6  feet  in  thickness,  enclosed  in  a  depr 
Tertiary  «>nd.'«tone. 

The  isolated  and  superficial  deposits  of  iron  ore  which 
I  ho  province  of  Luxenilionrg,  and  notably  at  Ruette,  Aj 
Tn^nich.  »^'c.,  likewise  belong  to  the  Quaternary  age,  and  repose  { 
Jurassic  rocks.  These  ores  have  apparently  resulted  from  thai 
integration  of  Jurassic  rocks  during  the  Quaternary  period,* 
oontnin  fmin  30  to  45  per  cent,  of  iron.  I 

Tho  .lurassic  formation  constituting  the  surface  of  the  soulj 
portion  of  the  Beln^ian  province  of  Luxembourg,  as  well  as 
Grand  Duchy  of  that  name  and  the  northcni  port  of  Lorrail 
exet'wlingly  rich  io  iron  ore,  and  furnishes  important  supplil 
the  Belgian  ironworks.  The  ore  from  these  localities  is  knowj 
the  name  of  minetie,  and   is  ,(  fine-grained  oolitic  limonite 
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■pccurs  in  extensive  neposits  in  Luxembourg  ana  Tioimame,  but  less 
BaleutLlully  iu  Belgium.  Near  the  French  trootier  the  beds  of  this 
K{«  arc  from  5  to  6  feot  iu  thickness,  and  the  ore  contains  from 
H^to  45  per  cent,  of  iron.  Tfie  gangue  eouHists  principally  of  calcite^ 
Hvjcli  n  little  silica  and  gypsum. 

H  The  rocks  comprised  between  the  lower  quartzose  schists  and 
■the  coal  formation,  enclose  many  impoi-tant  deposits  of  limonite 
Bwhich,  up  to  tlie  present  time,  have  furnished  the  laiger  portion  of 
■the  ore  consumed  in  the  Belgian  ironworks.  These  deposits  are 
Hyflen  very  extensive,  and  the  ore  always  occurs  cither  in  masses  or 
Bveins,  but  never  in  tlie  form  of  Iveds.  The  largest  production  of 
■iron  ores  in  Belgium  was  in  1SC5,  when  it  amounted  to  1,018,231 
Bionoes.     In  1875  it  was  only  365,044  tonnes,  and  in  1881  it  was 

■  fartlier  reduced  to  224,828  tonnes. 

■  Lead  .AiiD  Zinc. — Lead  ores   occur  in  Belgium  in  the  older 

■  formations  ouly.  where  they  are  found  in  veins  and  masses,  either 

■  alone  or  associated  with  blende  and  pyrites.  The  veinstone  usually 
■consists  of  calcite,  heavy  spar  and  quartz,  together  with  clay  and 
■limonite  ;  in  massive  deposits  the  gangue  is  generally  a  dark 
Bela^.  Qalena,  which  is  found  in  numerous  places,  many  of  which 
■^  are  not  of  suflScieut  importance  to  pay  the  expenses  of  working, 

is  frequently  accompanied  by  other  ores  of  lead,  such  as  cerussite 
and  pyromorphite ;  it  is  also  often  associated  with  blende  and 
calamine. 

The  most  productive  lead  mine  of  Belgium  is  that  of 
Bleyberg,  near  Moresnet,  which  is  worked  upon  the  only  vein 
in  the  country,  which,  after  having  traversed  the  Carboniferous 
Limestone,  penetrates  the  Coal-measures.  Considerable  masses 
of  lead  ore  are  found  along  the  line  of  contact  of  these  two 
fonnations,  but  they  are  worked  with  difficulty  on  account  of  the 
'exy  large  influx  of  water. 

The  most  important  zinc  ore  of  Belgium  is  zinc  carbonate, 
coTOmonly  known  as  calamine.  The  hydrous  silicate,  is  of 
le^ss  frequent  occurrence,  as  is  hkewise  the  anhydrous 
silicate  of  zinc,  or  willemite.  Blende  is  almost  constantly  found 
in  association  with  the  other  ores  of  zinc,  but,  as  its  metal- 
Ixiigical  treatment  is  more  expensive,  its  value  is  proportionately 
less.  The  ores  of  zinc,  like  those  of  lead,  are  found  in  the  older 
formations  only,  and  usually  occur  either  in  Carboniferous  Lime- 
stone, or  in  rocks  of  Devonian  age,  where  they  form  lodes  and 
irregular  deposits,  associated  with  galena  and  iron  pyrites.  These 
massive  deposits  are  sometimes  several  hundred  yards  across,  and 
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tliu  ore<8  in  them  have  asoallj  m  gwigiie  of  clay,  sometimi'i,  \m 
ever,  replaced  by  limonite,  which  is  occasionally  worked  u 
ore  of  iron.* 

The  Bleybeig  lead  vein  *  is  enclosed  in  the  Carboniferoas  Va^ 
Rtoiic,  and  in  the  Coal-measures  overlying  it,  Tlie  genenl  din** 
tion  of  the  lo^ie  is  north-west  and  south-east,  forming  with  ibet 
ntirth  an  angle  of  57^,  and  with  the  strati tication  one  of  ahonit  Hi*, 
It  can  be  recoguised  for  a  distance  of  3  miles  in  the  Co&I-meisun^ 
flixl  above  1|  mile  in  the  limestone.  This  vein  is  eiUw-r  verticil, 
or  dips  at  an  angle  of  from  75°  to  80"  with  the  horizon,  siiuitit 
tn  the  east  and  sometimes  to  the  wesl  No  fault  or  ci 
is  known  to  exist,  but  it  is  believed  th.it  a  ch.<»nge  of  .lirvt:twa 
tow.anis  the  north  may  have  been  causo.l  either  by  a  heiiveorbr 
ft  l)i furcation  of  the  vein. 

Tlie  tilling  of  the  lode,  when  enclosed  in  the  Coal-moasurei,  ii, 
to  a  large  extent,  made  up  of  the  lUhrii  of  schists,  sandstones,  ud 
prits,  which,  having  fallen  into  the  fissure,  have  partially  filled  it 
When  the  vein  traverses  rocks  liable  to  cnimble  or  disintegnle, 
these  fragments  are  invariably  m<-w!t  abundant ;  but,  when  tie 
country  rock  is  hard  and  compact,  tiiey  are  less  numerous  and  leiive 
larger  spaces  to  become  tilled  in  another  way. 

During  the  time  this  partial  filling  of  the  opening  with  countij 
rock  was  actually  talking  place,  or  some  time  subsequently,  tb« 
fissure  and  its  contents  have  been  subjectod  to  the  action  of  watas 
contjiining,  in  solution,  various  metalliferous  substances,  nud  these 
have  been  deposited  in  the  cavities  existing  between  the  fragment 
of  the  material  already  partially  filling  the  vein  cavity.     In  thin 
way  the  filling  of  the  fissure  has  been  partly  mechanical,  occ*sionc*i 
by  the  falling  in  of  the  sides,  and  partly  chemical,  produced  by  the 
ile]x>sition  of  minerals  from  waters  holding  them  in  solution.    T^<* 
eruptive  rocks  have  been  met  with  in  the  district  under  consider- 
ation.    The  veinstone  frequently  exhibits  a  concretionary  stmctxiTc 
and  where  the  rocks  are  hard,  and  the  8]>aces  between  the  fr«g' 
ments  neceayirily  large,  the  metalliferous  minerals  are  deposited  >" 
ribbon-like  bands.      These  deposits  of  mineral  are   composed 
nlternate  layers  of  blende  and  galena,  the  two  being  but  seklou 
mixed.    Alternate  layers  of  this  kind  have  been  frequently  repeat^ 


'  Much  infonnation  reltlive  to  the  mioarel  reioaroes  of  Bcli^^uni  haa 
(tcrivi'd  from  Mr.  J,  l>.  Hnpie'"  report  on  "Mining  Industries  in  (.'oniicction 
tho  runs  KxliiMtion,  1878,"  Wnshmirton.  18S0. 

'  Sw  {jamphlt^t   piibliahi*d  hy  the    nieybere  ''i-Montzen   Conipuny  during       "* 
F.xliil)ition  of  1878.    "  Extrait  da  Cntalogue  de  l'Exp<isition  dt  I'lndiistric  mini^ 
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tlte  blende  hann^  evidently  been  the  first  tnineml  deposited.  The 
galena  carries  small  quantities  of  cojtper,  antimony, and  silver,  with 
traces  of  other  metals. 

Ribboned  deposits  of  blende  and  galena   have  been   unable 

V)  ibrm   in   those   parts  of    the  vein   where    the  whole    of    the 

fissure  had  been  already  filled  witli  pieces  of  the  country  rock,  but, 

in  the  majority  of  cases,  these  fragments  have  left  between  them 

spaces  of  greater  or  less  dimensions.     In  such  places  the  blende 

aai  galena  have  taken  the  exact  shape  of  the  cavities  left,  and 

have  surrounded  tho  fragments  of  country   rock,  so  as  not  only 

to  preser\'e   their   form    but    also    their    sharpness    of    outline. 

For  considerable    distances    on    the    length    of  the   fissure   the 

filling  of  schist  has  been  so  completely  disintegrated  that  it  has 

become  filled  with  unctuous  clay,  which,  being  .almost  corupletely 

inipermeable  by  water,  has  caused  certain  portions  to  be  almost 

completely  barren.      In   these   portions   of  the  lode  blende  and 

g^Jena  are  sparingly  disseminated  in  the  form  of  minute  grains 

-with  a  few  occasional  geodes,  and  with,  occasionally  a  few  crystals 

o£  various   minerals,   in   strings   and   cracks.      At   Bleyberg  the 

influence  of  the  country  rock  appears  to  be  limited  to  the  effect 

produced  by  the  amount  of  material  falling  into  the  fissure,  and 

the  space  consequently  left  opeu  for  the  circulation  of  miueral 

waters,  and  for  the  deposit  of  ores. 

The  waters  have  not  introduced  iut«  the  Bleyberg  Lode  a 
sufficient  amount  of  metalliferous  material  to  fill  all  the  cavities 
renoaining  open,  and  these  have  subsequently  been  closed  by 
deposits  of  calcite  and  silica,  removed  from  the  surrounding  lime- 
Ktones  and  schists  by  tlie  .agency  of  waters  impregnated  with  car- 
l>onic  acid.  Ferruginous  minerals  have  been  introduced  into  the 
loJe  in  a  similar  way,  ami  iron  pyrites  is  not  Hnfreijuently  met 
■w-it.h  in  a  compact  or  cavernous  form,  in  that  of  stalactites,  or  aa 
til  in  strata  in  geodes,  often  lined  with  crystals  of  blende,  galena, 
Or  calcite. 

In  studying  the  genesis  of  this  lode  another  phenomenon  must 
lot  be  lost  sight  of,  and  that  is,  that  during  the  progress  of  the 
♦Imposition  of  these  minerals,  nr  perhaps  afterwards,  the  vein  fissure 
"^^as  several  times  re-opened.  The.se  re-openings  of  the  vein  have 
*rnpartod  to  the  mass  movements  which  not  only  led  to  a  partial 
•■■e-anangement  of  its  contents,  but  likewise  resulted  in  certain 
T»liysieal  eifecta.  In  this  way  there  has  been  a  sinking  of  one  or 
other  of  the  walls  of  the  lotlo,  or  a  depres-sion  or  elevation  of  it.s 
filling,  g^fving  ri.se  to  slickensidus  and  vertical  striations  of  the 
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^^nrfikcas.     In  this  wny  also  tbo  regularly  foliated  deposits  of 

^^ftve  become  displaced,  turned  over,  and  mixed   with  those  of 

^trr^ular  and  fragmentary  nature.     Finally,  at  one  period  of 

formation,  the  vein  fissure,  while  opening  at  one  side,  was  grid 

cloeing  on  the  other,  which  at  such  points  resulted  in  the 

^Hf  it^  filling  and  its  reduction  to  the  state  of  angular  fi 

^BlTbeo  the  re-opening  of  a  vein  fissure  occurs  during  the  pe: 

^^Hon  or  punge  through  it  of  mineral  waters,  deposits  will 

l^^lace  upon  the  surfaces  of  the  fragments  resulting  from  cru 

and  it  is  not  uncommon  to  find  in  the  Bieyberg  Vein  a  deposit 

perfect  ciystals  upon  broken  crystals  of  the  same  or  of  some  ol 

mineraL     The  metalliferous  portion  of  the  lode,  together  with 

various  associated  minerals  constituting  its  filling,  lias  an  itvenee 

width  of  nearly  three  feet ;  but  the  enclosing  Coal-measures  exLibit 

the  effect*  of  the  disturbing  infiuences  of  the  rent  for  a  width  uf 

.       above   thirty-aix  feet,  within  which    limits    the    country   rock  '•• 

^Kcrashe<l,  aad,  to  some  extent,  displaced. 

^H        The  deposits  of  substances  introduced  by  the  mineral  w&l 
^■before  referred  to,  sometimes  occupy  one  side  of  this  broken 
f^  and  sometimes  the  other;  but  their  passage  can  always  be  tra«d 
j       by  the  metalliferous.  calcareouR,  or  siliceous  materials  which  fill  ii 
fiaBoree.    On  either  side  of  this  disturbed  zone  the  rock  rem 

I  entirely  unchanged,  and  is  without  any  trace  of  extraneous 
even  along  its  planes  of  stratification. 
In  the  Carboniferous  Limestone  the  filling  of  country  rocb 
resulting  firora  the  disintegration  of  the  walls,  no  longer  consiata 
of  schists,  sandstones,  and  grit,  \i\ii  is  almost  entirely  composed  of 
limestone  with  some  blende  and  galena.  The  ores  here  found  are 
precisely  identical  in  composition  with  those  occurring  in  the  Coal- 
measures  ;  they  crystallize  in  the  same  dominant  forms,  and  coutain 
similar  proportions  of  copper,  antimony,  and  silver.  In  the  upper 
part  of  the  limestone  there  are  found,  without  any  recognised  order, 
carbonates  of  lead,  zinc,  and  copper,  which  usually  enclose  ktroaU 
composed  of  the  sulphides  of  the  same  metals. 

The  phenomena  of  the  re-openings  of  the  fissure,  of  the 

of  its  filling,  and  of  the  crushing  by  its  walls  of  the  veinstone, 

I         seen  even  more  distinctly  in  the  upper  portions  of  the  limestone 

than  they  are  in  the  Coal-measures.     At  tins  point  the  limest 

above  the  fractiu-e  has  been  eroded  into  an  opening  above  1,1 

feet  in  length,  180  in  width,  and  from  180  to  250  in  depth. 

On  the  walls  of  this  <~-^ ''s  space,  and  on  the  surfaces  of 

material  resembUr'  'uantities  of  blende  and 
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i  "Were  at  some  time  deposited,  but  by  subsequent  violent  shocks  they 
I  have  become  detached  and  mixed  with  various  other  bodies,  includ- 
■  ing  fragments  of  some  of  the  older  rocks.  Nothing  can  be  more 
I  instructive  orinteresting  than  these  accumulationi5,in  which, iilthough 
L  all  the  minerals  and  gangues  occur  in  the  form  of  fragments,  each 
■individual  piece,  either  by  its  banded  structure  or  by  the  arrange- 
f  ment  of  its  crystals,  bears  distinct  evidence  of  once  having  formed 
I  foii  of  a  regular  deposit.  On  the  eastern  wall  of  the  cavern 
I  Jepsits  of  blende,  galena,  calcite,  &c.,  are  sometimes  found  in  situ, 
kuid  Rtill  adhering  to  the  rock,  just  as  they  were  left  by  the  waters 
HUirough  the  agency  of  which  they  were  deposited. 

A  large  mass,  principally  of  galena,  also  occurs  at  the  junction 
of  the  Coal-measures  with  the  Carboniferous  Limestone,  at  which 
point  it  would  appear  there  was  formerly  a  lake-like  depression 
supplied  with  plumbiferous  waters.  In  this  way  was  probably 
piwluced  a  large  deposit  of  lead  ore,  in  all  respects  identical  in 
cijmposit ion  with  that  obtained  from  the  lode,  althuugh  forming  a 
s<ilid  mass  and  entirely  without  any  admixture  of  fragmentary 
country  rock.  This  mass,  which  rests  upon  a  somewhat  extensive 
Irwse  of  the  Coal-measure  formation,  has  never  been  disturbed  as 
ix  the  case  of  the  lode,  in  which  the  crushing  and  mixing  of  the 
<jres  has  resulted  from  the  repeated  re-opening  of  the  fissure  and 
♦.he  consequent  movements  of  its  walls.  This  deposit  cornea  to 
"Vithin  twenty  yards  of  the  present  surface,  and  is  covered  by 
^etrital  matter  from  the  Coal-measures,  and  by  various  shales  and 
»ocks  of  Tertiary  age,  all  stratified  horizontally,  but  unconformably, 
^vith  the  Coal-measures  and  sandst^nuea. 

The  amount  of  water  percolating  into  the  Bleyberg  mines  is 
Tinusually  large,  generally  amounting  to  7,260  gallons  per  minute, 
hut,  exceptionally  reaching  12,000  gallons  per  uiinute,  which  is 
pumpt^l  from  a  depth  of  597  feet,  From  the  date  of  the  forma- 
tion of  the  present  Company,  1853,  up  to  May  1878,  this  mine  had 
produced  86,850  tonnes  of  zinc  ores  and  86,S7G  tonnes  of  lead  ores, 
during  which  time  it  hmi  repaid  its  capital  four  times  over. 

The  important  deposit  of  calamine  at  Altenberg  or  Kelmis- 
berg  belongs  to  the  Vieille-Montagne  Company,  and  is  situated  near 
Aix-la-Chapelle,  in  the  immediate  vicinity  ofthevillage  ofMoresnet. 
It  occurs  in  the  lower  strata  of  the  Carboniferous  Limestone,  which 
are,  for  the  most  part,  converted  into  dolomite,  and  fills  a  basin-like 
depression, of  which  thelongeraxishasa  length  of  GOOynrds,  while 
its  width  varies  from  200  to  2(jO  yards.  This  basin  of  zinc  ore  and 
dolomite  is,  on  one  side,  raised  towards  the  surface  and,  on  the  other, 
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dips   beneath  it,   being  itself  enclosed  ia   soft    Devonian 
which  come    to   the  sxirface  on  both  sides.     A  bed  of  qi 
dolomite,  which  carries  large  quantities  of  water,  sepaiBtes  the! 
rocks,  and  in  all  directions  bounds  the  deposit  with  great  reguJa 
The  ore,  which  towards  the  surface  is  principally  composed  of' 
pure  calamine  with  scarcely  any  a^lmixture  of  blende  or  galena,! 
nearly  filled  the  tilted  basin  before  referred  to,  and  crops  out  at  | 
surface  for  a  considerable  distance. 

At  Kelmisberg  the  zinc  ore  being  entirely  surrounded  by  dolon 
nowhere  comes  into  contact  with  other  rocks,  and  can  scarceljj 
regarded  otherwise  than  as  resulting  from  the  gradual  transfer 
tion  of  the  enclosing  dolomite  into  zinc  ore  by  an  exchange 
bases  effected  through  the  agency  of  metalliferous  waturs. 
remarkable  deposit  of  ore  was  most  extensively  developed  near  i 
surface,  where  it  reached  a  length  of  490  yards  and  a  width  < 
180  yards. 

The  most  productive  and  most  highly  concentrated  portion 
the  deposit  is  situated  at  the  northern  extremity  of  the  basin,! 
is  separated  from  the  southern  body  of  ore  by  a  projecting  point  I 
dolomite.     Towards  the  south-west  the  depo.sit  is  contiuuoua,  1 
is   hidden   under  a  capping  of  dolomite    beneath   which  it 
been  followeil  to  a  depth  of  120  yaids.     While,  at  the  surfiice, 
ore  consisted  chieily  of  carbonate  of  zinc,  it,  lower  down,  becan 
mixed  with  hydrated  silicate  of  zinc,  which  gradually  increased  ij 
quantity  until  it  eventually  formed  the  birger  pjrtion  of  the  on 
Anhydrous  silicate  of  zinc,  willemite,  has  always  been  found 
largo  masses  scattered  without  any  appiirent  rule  throughout  I 
other  ores. 

The  first  shafts  are  said  to  have  been  sunk  during  the  fifteend 
century  for  the  purpose  of  supplying  calamine  to  the  foundries  of 
Aix-la-Chapelle,  the  proprietors  of  which,  without  any  knowle 
of  the  metal  it  contained,  employed  it  in  the  manufacture  of 
The  largest  yield  was  in  1855,  when  it  reached  137,000  Uinnesf 
ore  as  it  came  from  the  mine,  or  50,900  tonnes  of  concentrated  oreT' 
Since  the  year  1856,  the  workings  have  been  carried  on  undei 
ground,  and  it  is  known  that  up  to  1878  about  a  million  and  haU 
tonnes  of  first  class  ore  had  been  extracted  from  these  deposits. 
The  almost  chemically  pure  zinc,  which  is  employed  for  making 
b!anc  de  ntije  and  for  art-castings,  is  exclusively  made  a1 
Moresnet  works. 

The   bed   of  zinc  ore  at  Welkenradt*  occurs  between 

'  M.  Braun,  ZiiUeKr.  d.  d.  gml.  Oatlltch.,  vol.  ix.  1^57.  p.  9S4. 
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le  and  Carboniferou.'?  Limestone,  extending  for  a  distance  of 
pre  than  120  fathoms  along  the  strike.  It  dips,  like  the 
ntjacent  beds,  at  a  very  high  angle,  and,  with  them,  has  under- 
one  the  same  folding  and  faulting.  The  foot  wall,  which  is  in 
Wtact  with  the  limestone,  consists  of  either  compact,  drusy, 
lliated,  shaly,  or  earthy  hydrous  silicate  of  zinc,  which,  in 
tie  higher  levels,  becomes  ferruginous  and  passes  into  ironstone, 

E"     3  a  shaly  mass  with  enclosures  of  limonit*.     The  hanging 
in  contact  with  the  shale,  consists  of  a  black  clay,  which 
ns  nodules  and  fragments  of  various  metallic  sulphides,  such 
oonceutric  blende,  gnlena,  and  pyrites.     This  sulphide-bearing 
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lone  which  is  of  much  greater  extent  than  that  producing  zinc  ores,  is 
known  as  the  foot  wall  of  the  Coal-measures,  and  is  justly  regarded 
«  an  interstratified  deposit.  In  Fig.  60,  after  Braun,  which 
'epresents  this  deposit,  a  is  limestone,  b  shale,  c  clay  containing 
ronstone,  d  shale  with  galena,  <S:c.,  and  c  hydrated  silicate  of  zinc. 
The  production  of  metalliferous  minerals  in  Belgium  has  for 
oine  years  been  gradually  decreasing,  although  their  importation 
Jto  that  country  for  metallurgical  treatment  is  very  large.  This 
screa.se  of  yield  appears  to  affect  almost  equally  all  the  ores 
^uced,  and  it  may  consequently  be  of  interest  to  reprint  the 
Uowing  table  from  an  official  source.* 

*  Royntinie   de   Belgiqne,   Ministke    des  Travaux   Pnblicg,  CompU   Hendu   du 
"otu  Pendant  VAwiit,  1881,  Minei,  p.  6,  Bruzellca.  1882. 
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Table  showini;  tus  Production  or  Uetalurboub  Missilau  ik 
tiURixu  Tk.v  YKjifiA  Titou  1S71. 


18T2 
1878 
1(74 

ie7( 

II7( 

1077 
1«T« 
18Tt 
IMO 
18S1 


Else  On. 


or 


Tonnes 

sj.in 

41.&8S 
43.aM 
t3.»04 
»7.7IS 
41.t>47 


Fr»nr«. 
8,7*1.000 

J.707.000 
I,«7*,000 
2.5S>'i.O0O 
2.iUi,000 
■'  IT'i  IKtfl 
ill) 

.".H) 


Lead  Ore. 


a 
i 


Tonnes 
ll.HOT 
11,'Mn 
iO.Wl 
lo.yir 

1J,4S? 
1I,&4Z 
13,477 

»,.'»'<4 
S.43I 
8.741 


Iron  PjrrttM. 


Fmnca. 
1,984,000 
2.1S%mKI 
2,  <  M.OUO 
1,005.000 
1,701.000 
I.BIO.OOO 
I.MH.WIO 
l,O'7,i»0« 
Mi,  000 
6i7,(MM) 


Tonne* 
40,«!IS 
Ai.e.'il 
J8.072 
80,747 
U,58$ 
M.2n7 
21.7SI 
I6,5n 
7, MS 
8,^95 


Fnncs. 
»S&,000 
l,0(W,Oi>0 
77«,00» 
g07,o<>0 
SM.OOO 
flSD.MIO 
filS.OOO 
8'.>4.0O0 
1IM,000 
4«,000 


Iron  Ore.          i 

: 

s 

. 

^ 

I 

S 

3 

< 

o- 

>• 

T<«nne« 

Fnars 

74»,76l 

7,800.004 

-77,46» 

7.884,000 

587.800 

i,17S.0O0 

305.0W 

8,413,000 

S«9,206 

5,458,000 

EM,J27 

1.13S,000 

SOr.ir.r 

1  r.vcioo 

Vi\ 

iNl 

IS 

■  0 

J8I.     _ 

::    I'O 

ToUlTil 


Franc» 
14.077.000 
14,09 1, OtiO 
I0,»7.000 
P.l  13,000 
7.»il,«00 
7,181.000 
8,3aK,iHM 
S,1»,000 
8.178,000 
8,718,000 


Witli  tLe  exception  of  small  quantities  obtained  from  surface 
dejTOsits  in  the  provinces  of  Limbourg  and  Antwerp,  the  iron  ores 
returneJ  for  the  year  1881  were  the  produce  of  Liege,  Namur,  and 
Luxembourg. 


THE  GERMAN  EMPIRE. 

Germany  is  undoubt-edly  the  classic  land  of  mining,  since 
not  only  comprehends  extensive  areas  of  exceptional  metalliferous 
importance,  but  it  was  here  that  the  kindred  arts  of  mining  and 
metallurgy  were  first  systematically  taught  and  practised ;  while 
at  the  present  time  the  various  raining  academies  of  the  Ger 
Empire  are  the  resort  of  students  from  all  parts  of  the  civilia 
world.  The  German  miner  of  the  middle  agei?,  like  his  Cornish 
representative  of  to-day,  was  an  active  pioneer  and  persevering 
colonist.  In  the  twelfth  century  he  founded  Schemnitz  and 
Kremnitz  in  Hungary,  and  three  centuries  later  Schmollnitz  and 
Kapnik  were  upened  up  by  miners  of  the  same  nationality. 

About  the  middle  of  the  sixteenth  century  numerous  Germa 
miners  and  smelters  were  induced  to  settle  in  Great  Britain,  Qu« 
Elizabeth,  according  to  Sir  Julni  Pettus,  having  been  ad\'ised  t^ 
take  this  step  "from  Her  observation  of  the  inartificialoesa  of 
former  Ages  in  this  concern,  which  may  be  collected  from  Her 
Bending  for  and  imploying  so  many  Ornnnns  and  other  Foreiners 
(where  Mints  were  plentiful  and  the  Arts  belonging  to  them),  wl 
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jht  put  us  into  the  tract  of  managing  ours,  in  finding  and 
^<fing  them,  and  in  smtUinp  and  rtfining  Metah."  ^ 

Rhine  Provinces,  Wkstphalia,  &c. — The  ore  deposits  of 
ihis  area  are  excee<]ingly  numerous,  and  consequently  some  of  the 
more  important  only  can  be  noticed. 

The  oldest  account  of  the  occurrence  of  gold   veins  in  the 

;nberg,  near  Oorbach,  is  given  by  Agricola,  and  it  is  stated  by 
lickmaun  that  gold  was  obtained  from  this  source  in  the  year 

jO.     Much  more  recently  W.  v.  Eschwege  obtained  gold  in  the 

of  minute  scales  from   the  alluvium  of   the  Edder,  hut  in 

ich    small  quantities    as  to  render  its   extraction    unprofitable, 

moreover  he  in  no  case  found  a  fragment  of  gold  adhering  to 

matrix. 

Dieffenbach*  describes  the  Eisenberg,  near  GoUlhausen,  as  being 
fortiied  of  quartzose  and  clay  slates,  the  former  being  thinly 
stratified,  much  folded,  fissured,  and  contorted.  Clopper  ores, 
particuhirly  malachite,  azurite,  chrysocolla  and  cuprite,  occur  in 
these  lissures  ;  and  the  siliceous  slate  in  the  vicinity  of  such  ores 
is  soft,  much  decomposed,  and  impregnated  with  cakite.  The 
surfJEices  of  the  clefts  in  thLs  rock  are  also  often  covered  by 
incrustations  of  calcite,  dolomit^e,  or  spathic  iron  ore,  which  are 
sometimes  crystallized.  In  other  cases  the  cavities  in  the  slate  are 
filled  with  melaconite,  which  is  sometimes  moderately  abundant. 
The  siliceous  slate  in  the  vicinity  of  the  melaconite  and  otiier 
copper  ores,  has  a  cellular  texture,  and  there  can  be  little  doubt 
that  this  and  the  other  minerals  containing  copper  are  the  result 
of  the  decomposition  of  pyrites.  The  gold  occurs  in  the  clefts  of 
the  quartzose  slate,  partly  incrusting  small  rhombohedra  of  ."spathic 
iron,  which  have  consequently  the  appearance  of  gold  crystals,  and 
j»artly  as  thin  dendritic  incrustations  upon  the  surfaces  of  the 
clefts.  The  gold,  which  is  evidently  a  more  recent  formation  than 
the  crystals  referred  to,  is  sometimes  covered  by  small  rhornbohedra 
of  calcite  with  rounderl  edges.  The  incrustation  of  gold  is  at 
times  so  extremely  thin  as  to  impart  a  dull  brownisli  colour  only 
to  the  crystals,  and  the  entire  rock,  more  especially  the  red  clay 
filling  the  joints,  was  foxind  to  contain  gold.  The  mode  of 
occurrence  of  this  gold  would  appear  to  show  that  the  carbonates 
of  copper  and  other  ores  of  that  metal  found  in  the  joints  of  the 
slates,  are  of  secondary  origin,  and  that  they  were  derived 
originally  from  auriferous  pyrites  containing  copper.     Dieffenbach 

'  "  Fodinpe  Regales,"  chap,  xxiii. 
*  Ltonhard'i  Jakrh.  1854,  p.  324. 
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wu  unable  to  find  any  trace  of  a  vein  in  the  silic<>ous  hUki 
and  he  was  likewise  not  able  to  determine  whether,  at  some  forma 
perio<l,  they  were  covered  by  the  copper  shales  which  we  to  b( 
found  in  sUu  on  tlie  flanks  of  the  mountain,  and  which  suitoudI 
the  mines  at  Goddelsheim. 

Alluvial  gold,  resulting  from  the  disintegration  of  qiinrrz  reia 
in  that  district,  has  been  found  in  the  sanda  of  the  GiilJbiich,k 
tributary  of  the  Moselle,  but  not  in  sufficient  quantity  to  npiji 
the  cost  of  extraction.* 

Numerous  veins  containing  argentiferous  galena  occur 
Devonian  rocks  in  the  vicinity  of  Olpe  and  Siegen,  although  bal 
few  of  them  have  been  more  than  moderately  productive.  Tlw 
most  extensive  lead  mines  which  have  been  worked  in  this  di 
are  those  of  Wildberg  and  Hideberg,  situated  upon  the  same  groua 
of  cast  and  west  lodes.  The  country  rock  consists  of  alttnintiona 
of  schists  and  slates,  with  a  highly  siliceous  grauwacke,  and  tb< 
veinstone,  which  is  often  to  a  large  extent  composed  of  spatliifl 
iron  ore,  frequently  contains,  in  addition  to  galena,  copper  pyriUsi 
and  blende.  The  Hideberg  Mine  is  still  in  operation,  but  ibalol 
Wildberg,  which  has  been  worked  more  or  less  intermittentlj  from 
about  the  fifteenth  century,  was  closed  about  ten  years  sincou 
There  are  likewise  lead  mines  in  the  neighbourhood  of  WiehlJ 
Riinderoth,  and  Siegburg.  besides  which,  considerable  quantities oi 
lead  ore  and  blende  have  been  obtained  from  mines  near  Ben!ifaer;g 
nine  miles  east  of  Cologne.  j 

The  group  of  lodes  extending  from  Holzappel,*  on  th< 
Lahn,  to  Wellraich  and  Werlau,  on  the  Rhine,  traverse  g^^^ 
wacke  and  clay  slates  of  Devonian  age,  and  have  usually  a| 
E.N.E.  and  W.S.W.  direction,  with  a  general  dip  towards  tb 
S,E.,  but  sometimes  towards  the  N.W.  "  Talcose  clay  glatea 
occasionally  form  a  constituent  of  this  formation  and  are  4 
frequent  occurrence  in  the  immediate  vicinity  of  lodes.  Tlel 
rocks,  named  by  the  miners  JVeisses  Getnrge,  white  rock,  contikl 
numerous  beds  and  veins  of  quartz,  the  latter  of  which  oft< 
cross  the  strata  nearly  at  right  angles,  and  are  themselves  alwaj 
intersected  by  lodes.  j 

The  Devonian  grauwacke  rocks  enclose  deposits  of  argentiferC 
lead  ores,  as  well  as  ores  of  copper,  zinc,  and  iron.  The  U 
ore    forms   regular  beds    between  strata  of   the  schistose  ro4 

'  Noggemth,  "  Rheinland-Westphalien."  vol.  i.,  1822.  p.  Ul.  J 

*  Bniier,  Kartten'a  Arch.,  18*1,  vol.  xr.  Tip.  137-209.     Noggerath  "  Rhcii*  • 

Westphalien,"  vol.  iii.  p.  218.     B.  v.  CottA,     Die  Lehr»  ron  ilcn  Enlftger»t4t4 

2nd  edit     Freiberg,  18M,  rol.   " 
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^Kierficial  deposits  oi  oooipsntnvlj  i 

^Bkthic  iron,  is  &n  importaat  ceastitaieBt  of  tlbe  fiSH^  af  lodw 
^■Dtoining  ores  of  lead,  ooppex,  and  anc    Tka  ladn  ^— ry  Um 
^Kst  eastern  portioa  of  Um  gnop  at  HnJaijifid,  eoMiBt  t£  thveo 
^BtJQCt  leaden,  vhich  probaUy  eoaie  togeditr  a  depUi;  Imt, 
^Bge  all  the  other  Teins  belw^mg  to  this  gRM^  tkey  afaMsst 
^Hicide  in  strike  and  dip  witli  tte  baMng  af  the  obmbUj  tadk, 
HBd  have  conaeqiientlT  bera  iwuliuw  wiililiiB  ibr  i 
[beds     These  lodes  have  been  Eialted  hr  tvo  dwtinrt 
hmI  have  consequentlv  been  dmded  into  three  pialiii^  of  vhich 
^K  most  easteri J  is  represenled  hj  ow  onlj  of  the  three  kedeis. 
^B  The  Teinstone  consists  pnnc-ipaDj  of  quartz,  whidi  somttiausa 
^Hnmes  the  form  of  homstooe,  with  argentiiisioas  galeae  and 
^Pende.    Associated  Kith  these  minerals  are  tetnhedrite^  ooppw 
rpvrite?,  spathic  iron  ore,  heavy  sfmr,  calctte,  and  doloeaite,  whidt 
exhibit  no  regular  order  of  sequence.     These  ores  occur  partly  as 
aJternating    ribbons,   but    more   &«<quentlj   thej  are    irrcgalarlj 
distributed  through  the  veinstone,  vhich  oAen  at  the  same  time 
encloses  fragments  of  the  country  rock.    Iron  pjrites  occurs  more 
commonly  in  clefts  in  the  country  rock  than  in  the  lodes  them- 
selves, which,  near   the   surface,  contain   numerous   products   of 
decomposition,    such    as    cerussite,  pyromorphite,  cerasine,   and 
anglesite.     Blende  is  represented  by  smithsMiite  and  goslarite  ; 
tetrahedrite  by  malachite  and  azunte,  and  spathic  iron  ore  and  iron 
pjTites  by  limonite,  and  by  various  ochreous  iron  ores.     The  ore, 
although  not  uniformly  distributed  throughout  the  lodes,  is  con- 
centrated in  shoots,  bunches,  or  zones,  which  incline  obliquely  to 
the  plane  of  the  lodes,  at  angles  varying  from  14*  to  20'.     These 
are  not  only  nearly  parallel  to  one  another,  but  also  to  the  line 
which  the  stratification  of  the  country  rock  forms  with  the  planes 
of  the  lodes.     The  lodes  are  usually  separated  from  the  enclosing 
rock  by  selvages,  and  sometimes  by  friction-surfaces,  which  are 
generally  grooved  parallel  to  the  dip  of  the  shoots  of  ore.     There 
are  no  geodes  in  the  veinstone,  wLich  is,  however,  traversed  by 
numerous  fissures,  which  do  not  extend  into   the  country  rock 
beyond.     These  are  often  more  or  less  open,  and  are  lined  with 
crystals  which  are  usually  of  the  same  mineral  as  that  on  which 
they  arc  deposited.     In  this  way  crystals  of  quartz  are  generally 
deposited  upon  a  quartzose  matrix,  while  crystals  of  galena  are 
found  upon  masses  of  the  same   mineral.     With  regard  to  the 
influence  exercised  by  the  wall  rock  upon  the  contents  of  the  veins, 
there  is,  at  Holzappel,  nothing  to  show  that  between  certain  rocks 
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the  veins  are  always  rich,  and  that,  when  enclosed  in  oiherj, 
are  invariahly  p«ior  ;  a  soft  cruinbltng  wall  rock  is.  howevi-r, 
unfavourably  ri^garded  by  the  miners  than  a  mcxierately  hard  uot 
The  walls  of  the  lode  are  by  no  meanB  perfect  planea,  but  h»t 
been  twisted  nnd  conUirted,  and  in  »uch  coses  the  parts  of  alo4^ 
cutting  through  the  strata  are  called  Bdftkt  by  the  miners. 

The  walls  of  the  vein  fissures  show  numerous  bends 
disturbiinces.  while  the  country  rock  is  frequently  anaLOged 
folds,  of  which  the  concentric  structure  is  often  very  remarl 
The  fissures  intersecting  and  faulting  these  lodes  arft 
tilled  with  clay,  which  occasionally  contains  spheroidal  m 
ore,  similar  to  those  sometimes  found  in  the  veins;  and  throQg}i 
the  agency  of  these  fissures  the  country  rock  has  freijiientlT 
become  impregnated  with  copper  and  iron  pyrites.  Fig.  61, 
after  Bauer,  represents  a  section  of  the  Holzappcl  Lode  in  the 


^  ^?^> 


^^ 


no.  Cl.— SoUappol  Lu<le ,  Uennlnea  lercL 

Herniiiien  level,  where  it  varies  from  fifteen  to  twenty-five  inclwi 
in  width. 

Acconling  to  A.  v.  Groddeck  the  Wfisses  OtHrge  of  Holzappel, 
Welhnich  and  Werlau,  the  Latfrrgchie/er  of  Mitterberg  in  the 
Salzburg  Alps,  anil  the  wliite  slates  of  Agordo  in  the  Venetiui 
Alps,  which  previously  to  that  time  had  been  described  as  "t«lc 
slates,"  or  as,  "  rocks  resembling  t^lc  slate,"  are  sericiie  roeks,^ 
states  that  analyses  of  this  sericite  show  that  it  is  a  cryptoi 
talline  potash  mica,  and  tliat  pseudomorphs  after  felspar,  augi 
magnetite,  and  titanic  iron  ore,  are  found  in  the  white  rock,  which 
must  be  regarded  as  an  alt.ered  eruptive  rock,  probably  diabas*' 
In  the  white  rock  of  Wellmich  are  enclosed  large  crystals  ^ 
apatite,  which  he  regards  as  of  secondary  origin.  The  variety  ^ 
white  rook  called  Lagerschicfcr,  and  the  white  elate  which  encloi 

>  A.  von  Groddeck,  JaKrb.fUr  Jfin,  1888,  it.  JMtey*  Band,  p.  72. 
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!(Ues  of  clay  slate,  are  probably  metamorphic  rocks  resulting 
bm  normal  clay  slates  or  grauwacke  slates.  A  knowledge  of 
rocks  becomes  valuable  as  opening  up  new  points  of  view 
lith  regard  to  various  important  ([uestions  relating  to  ore  deposits, 
fsisce  it  would  appear  probable  that  the  sericite  slates  always 
occur  in  association  with  ore  deposits  lying  conformably  with  the 
strata  of  the  surrounding  rock.  Ho  further  remarks  that  the 
deposits  of  Holzappel,  Welhnich,  Werlau,  and  ilittcrberg,  have, 
irilh  perfect  certainty,  been  determined  to  be  Lagfrgdnge  or  veins 
resembling  interstratified  beds. 

The  lodes  of  Holzappel,  Wellmich,  and  Werlau,  belong  to  one 
Ganffziig  or  syieiD  of  veins,  and  are  accompftnied  by  several  parallel 
s/stenis  striking  N.E.,  S.  W.,  and  dipping  S.E. ;  these  are  : — 


1. 

2. 
3. 
4. 

The    Ems   Lode 
„     Mahlberg 
„     Homberg 
„     Winden 

-system 

*> 

5. 

„     Weinaur 

6. 

„     Holzappel 

f> 

7. 


The  lodes  of  the  Ems  and  Mahlberg  tracts  are  Quergdnge 
***"  "true  veins.  The  Lagcrgavgf  only  are  accompanied  by  the 
"^'wlilte  rock,"  while  it  is  perfectly  unknown  in  the  true  veins  as 
^""^11  as  in  the  lodes  in  the  neighbourhood  of  Ems.  A.  v.  Groddeck 
"*^>^a  not  offer  on  explanation  for  this,  but  believes  that  some 
"elation  exists  between  the  formation  of  the  bedded  vein  and 
*^««  metamorphic  rocks  which  the  miners  call  "  white  rock." 

In  the  year  1881  the  Holzappel  mines  produced  2.119  tonnes 
o^    lead  ore.* 

The  Bunter  Sandstone  of  lileiberg,  near  Commem,  in  the 
lEifel,  in  the  mining  district  of  Diiren,  contains  a  deposit  of 
L^SLcl  ores  which,  for  extent  and  productiveness,  has  no  known 
e<q|tial  in  the  world.*  The  variegated  sandstone  of  this  district 
naay  be  divided  into  two  portions,  an  upper,  characterized  by 
^ixdy  granular  red  sandstone  and  the  predoininence  of  clays,  and 
Ch  lower,  consisting  of  coarsely  granular  sandstones  of  a  bright 
CoIouT  and  of  thick  bands  of  conglomerate.     The  lower  beds  of 

./.  Bfrg.  ffutUn.  u.  Salinen.  im  preuM.  SlaaU,  vol.  xxx.  1882,  p.  179. 
tmipg,  Ihid.  vol.  jciv.  1866,  p.  159. 
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the  lower  divtnon  of  tlae  vanegalad  mmHatBam  tm^^hmhek^] 
nodular  ore.  which  are  prinripaByi 
Call  and  Mechemich. 

Above  the  Devonian  beds  xhet*  u,  fisst,  m  'hei  itweii 
contiiitiing  hruken  fragments  of  red 
moss  of  cuTi^lotncraie,  from  two  to  tWBBly  i 
filU  up  all  the  inequalities  of  the  oldo-  vac 
forms  the  ilonr  of  the  Ktuditnftotz  at  Idwct 
foet  in  thickness.  Above  this  b  a  band  of 
ccvorcd  hy  the  upiier  seam  of  ore  eigblj  feet  m. 
some  places  i>thcr  bauds  of  conglomexBte  m 
way  that  four  seams  are  separated  &tMB  iMe  aaoiker  bf  M 
of  Tarying  depths.  Many  dislocations  occur  in  them  ncfa; 
of  which  the  Circisbach  main  fissure  is  the  noEt  laymi. 
Tb«  Doduhtf  sundstone  of  the  ore  seam  a  wiute.  dii^  «Ut^ 
or  yellow,  and  consists  of  crystalline  quartz  gnamlcs  i%Wf 
CMMmlcd  together.  The  quantity  of  cement  is  very  tu^ttk 
Um  rock  is  Msily  reduced  to  powder.  The  ore  is  assocnttti  vidt 
Murtllnnnn  of  a  white  colour ;  when  the  colour  change^  tke  «n 
ia«maUy  lost 

TIm   lend  ore  at  Bleiberg   occurs  in   the  fonn  of  bmsM 
JTiMMira  or  nodules,  and  the  sandstone  to  which  they  belong  is 
klM«&  as  ICmaUtmmmdtttin.    Carbonate  of  copper   Ls  present  in 
•Mill  (faMkthiee.      The    le«d-ore  nodules   consist  principally  oC 
fillip  Mid  more  rarely  of  ccrussito.     They  are  spherical  oon- 
CWttWil  vhidi  are  seattored  through  the  entire  mass  of  tbe  o^ 
bed.     VeoaQj  tbey  are  smaller  than  a  pea,  but  in  some  esses  tb«^ 
HftHfti  &  diMMler  of  one-thini  of  an  inch,  while  on  the  other  haOd 
Um^  MnilinM  occur  as  very  fine  granules  only.     They  consist  ^ 
^wtlts  grams  c«aiented  together  with  lead  ore,  with  which  ^ 
MMtiatad  aliwina.  Ume,  and  oxide  of  iron.    When  galena  is  prese ^ 
Ik  ll  ik  ^bi  Ibna  of  v«ry  finely  divided  grains  deposited  betw9^ 
ll»e  v^atively  Isige  partides  of  sand,  and,  if  examined  by  the  aid 
Ik  W«Na«fy«lallHM«lnictere  isohserred.    This  is  of  importance    | 
tattdinit  to  isflauk  Iba  otigin  of  the  nodules.    Wlien  the  cemer::^ 
ii^  walenal  is  oecuasite,  it  is  less    distinctly  crystaUized; 
aMuVm  of  amrilo  tho  oemen|dng  copper  ore  is  also  in  a  fines 
divided  MatOv    Kodoles  of  copper  ore  are  most  frequent  at  tfll 
QoMsaaigan  llia«.     At  Berg  the  copper  ore  has  a  consideraM 
vYtension.  but,  with  its  small  percentage  of  copper  and  the  coi 
l>«mtiv«ly  lai)^  amounts  of  lime  and  clay  present  as  cement,  it 
l^eor  and  dtll^h  lo  work.     The  globular  shape  of  the  nodules 


best  developed  when  galena  is  the  cementing  mafefmn'when  this' 

consists  of  white  lead  or  copper  ore,  the  fortn  of  the  nodules  is 

extremely  irregular.     The  distribution  of  the  nodules  in  the  sand- 

gione  is  by  no  means  rtgular;  they  frequently  lie  close  to  one 

another,  and  in  such  cases  often  grow  togetiier,  and  an  irregular 

ore  deposit  of  great  extent  is  the  result.    In  other  cases  the  nodules 

are  from  half  an  inch  to  several  inches  apart.     At  the  Bleiherg  the 

ni'xiules  in  the  workable  p'lrts  of  the  beds  constitute  from  4  to  10 

per  cent,  of  the  weight  of  the  entire  mass.     Leatl  and  copper  ores 

are  rarely  found  in  actual  contact,  but  the  nodules  often  consist  of 

a  centre  of  galena  with  an  exterior  coating  of  white  lead  ;  and 

sometimes  the  whole  of  the  lead  present  is  in  the  form  of  cerussite. 

The  formation  of  nodules  is  not  necessarily  connected  with  the 

presence  of  ore ;  since  similar  concretions  frequently  occur  which  do 

not  contain  a  trace  of  ore,  and  are  known  as  tauhc  Kvotten.     In 

addition  to  the  ores  of  the  conglomerate  bed  and  of  the  KywUciiJlotz, 

the  variegated  sandstone  of  the  Bleiberg  contains  several  iron-ore 

&eams  which  are  worked  extensively,  and  which  belong  to  the  upper 

division  containing,  as  its  colour  indicates,  a  larger  proportion  of 

iron  oxide  than  the  lower  one.     Dr.  A.  Gurlt  is  of  opinion  that  the 

extension  of  the  deposit  and  the  equable  distribution  of  the  ores, 

indicates  that  they  and  the  sandstone  were  formed  at  the  same 

tirae.^ 

Galena  and  white  lead  ore  occur  in  Bunter  Sandstone  in  a 
similar  way  at  Saint  Avoid,  west  of  Saarbriicken. 

The  Meinerzhagener  Bleiberg  mine,  the  most  important  in  the 
district,  in  1S81  produced  34,941  tonnes  of  lead  ore. 

During  the   same    year    the  principal   districts   of  the  Rhine 
Provinces  produced  the  following  amounts  of  lead  ore  : — ' 


"Weight. 

Valop. 

Todhm. 

£. 

Commem  district 

44,558 

249,759 

Diez 

21.159 

101,495 

Diiren            „ 

6,826 

39.882 

Deutz 

4,984 

39,101 

Riinderoth     „ 

4,919 

34,633 

In  1881  Westphalia  produced  8,663  tonnes  of  lead  ore,  value 
£72,107,  Hesse  and  Nas.sau  21,188  tonnes,  value  £101,582,  and 
the  Rhine  Provinces  65,951  tonnes,  value  £395,305. 

'   VtrhandL  d.  nalurh.  yertiru  prtuss  Rhein.  %md  West/,,  1861,  p.  (JO. 
*    ZeUteKr.  Berg.  SUU.  Saliiunw.  vol.  xxx.  1882,  p.  17P. 


It  is  to  be  remarked  that  the  calamine  deposits  on  the  left 
of  the  Rhine  are  associated,  piincipally,  with  Carboniferous 
-j^^jaiestones,  -while  those  on  the  right  bank  of  that  river  for  the  most 
_;,^rt-  occur  in  rocks  of  Devonian  age. 

The  largest  quantity  of  zinc  ore  produced  in  the  Diiren  district 
jjj  18S1  was  obtained  from  the  Altenberg  Mine,'  belonging  to  the 
"Vieille  Moutagne  Company,  which  yit.'Lled  17,464  tonnes  of  zinc 
^f-trs,  against  13,135  tonntis  during  the  previous  year. 

In  the  Diiren  district  four  mines  were  working  during  the  year 
8S1,  and  together  produced  17,121  tonnes  of  blende  and  8,5G0 
nnes  of  calamine,  of  the  total  value  of  £22,.548. 
The  copper  deposit  nf  the  B^riedrich-Wilhelm  Mine  at  Berg,  near 
Oommorn,  is,  like  the  lead  ores  of  the  immediate  neighbourhood, 
situated  in  Bunter  Sandstone.  The  bed  containing  the  copper  ore 
strikes  from  north-west  to  south-east,  dips  towaixls  north-east,  and 
lias  an  average  thickness  of  about  nine  feet.  This  bed,  like  the 
lead  ore  deposits  at  Bleiberg,  contains  the  ore  for  the  most 
part  in  the  form  of  small  nodules.  Galena  occur.^  subordinately, 
and  copper  and  iron  pyrites  are  found  in  pocltets  associated  with 
heavy  spar.  The  copper  ore  nodules  consist  principally  of 
tnalacbite  and  azurite,  copper  glance,  chrysocolla,  and  cuprite. 
The  sand  in  which  the  nodules  are  enclosed  consists  of  quartz 
fragments  united  by  a  cement  containing  carbonate  of  lime. 
This  sandstone  is  more  or  loss  ferruginous,  and  chrysocolla, 
hrown  iron  ore,  oxide  of  manganese,  and  calcite  occur  in  its 
fisatires.' 

The  amount  of  copper  which  has  been  furnished  by  this  mine 

is  apparently  small.     In  the  year  18.53  it  yielded  25  tonnes  of  ore 

containing  from  6i  to  9  per  cent,  of  copper,  and  1,508  tonnes  iu 

w^tich  the  percentage  of  that  metal  varied  from  1|  to  21.     Its  most 

productive  year  was  1856,  when   the   outjmt   was   3,179   tonnes 

containing  from  '75  to  3  per  cent,  of  copper.     During  the  two 

following  years  the  workings  were  suspended,  but  in    1859  the 

y»Gl.«i  amounted  to  192  tonnes  of  ore  containing  from  1  to  2  per 

<^*X"t.  of  copper-  in  I8C0  the  yield  was  139  tonnes  of  U  per  cent. 

**''^,  and  in  1861  the  mine  was  abandoned  on  account  of  the  large 

P&K"centage  of  lime  present  in  the  ores. 

The  Devonian   strata   in  the   neighbourhood   of  Dillenburg,' 
"^Ixich  are  traversed  by  dykes  of  diabase  as  well  as  penetrated 


penet 


•  Zcittclir.  Berg.  IluU.  Snluifmc.  vol.  xxx.  1882,  p.  175. 

*  W.  Jung.  Jierg.  u.  J/iHtdim.  Zrilunij.,  18(32,  p.  229. 

>  Stifft,  "  Geogii.  Btsckr.  d.  Hcraogtli.  Nassau,"  1831,  j(.  ■186. 
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partlj  of  SehalsiirirL}  and  encloR 
tTeinsTaiy  id  their  strike  from  nortb 
BDd  aontli  to  eMi-«ooU»-««st  um)  west-north-west,  and  have  usually 
a  ooDoidenble  dip.  The  veinstone  is  principally  quartz,  cUy 
brown  ■par,  liBairf  spar,  tad  eakite.  The  ore  is  chiefly  copper 
pjrites,  but  copper  gbaoe,  eoprite^  malachite,  azarite,  and  chj^^ 
coUa  are  fotnetixaea  also  present. 

The  inQaenoe  exeraaed  bj  the  country  rock  apon  the  coDteoti 
of  the  veins  is  rerj  apparent.  In  diabase  the  ores  are  ricii  in 
copper  but  axe  not  rery  abundant,  quartz  is  the  ]>revailiQg  rein- 
stone,  and  clay  selvages  are  entirely  wanting.  On  the  oilier  Imd, 
ill  SchalsUin  the  lodes  have  distinct  selvages,  the  veinstODe  it 
mainly  composed  of  calc  spar,  brown  spar,  and  heavy  spar,  and  tlit 
orc*»,  although  perhaps  more  abuudant,  are  not  usually  so  rich.  Hw 
rock  in  wliich  the  veins  are  on  the  whole  most  pnxiuctive  ii  i 
decomposed  Schalslrin  much  stained  by  hydnited  ferric  oxide,  ud 
which,  in  the  immediate  vicinity  of  the  lodes,  is  often  more  or  lest 
itnprL'gnate<l  with  copper  ores.  In  the  sandstones  and  Cypridini 
slate  the  lodes  usually  contain  but  little  ore,  aud  the  quartz,  which 
under  such  circumstances  b  the  prevailing  veinstone,  often  moiges 
griulnally  into  the  country  rock,  so  that  the  veins  are  without 
sharply  defiucd  walls. 

Sandberger  *  has  determined   the  presence  of  copper  in  ihe 
augite  both  in  the  diabases  and  basalts  of  this  district,  which  may 
probably  explain  the  origin  of  the  copper  conUiined  in  the  veins. 
Both  galena  and  blende  are  sometimes  associated  with  copp«i 
pyrites  in  calc  spar,  filling  fissures  in  the  Nassau  diabase,  as  well  »* 
in  the  copper  veins  themselves,  but  they  usually  occur  in  irerj 
small  quantities  only,  either  alone  or  associated    with   arseni*** 
fahlei'z.     Where  in  depth  the  diabase  becomes  compact,  the  v^*^^ 
are  usually  without  ore,  and  are  represented  by  fissures  princip^*-"- 
filled  with  clay.     Senfter  has  found  learl,  zinc,  and  arsenic  in  — ^"" 
diabases  of  this  region,  and  it  is  consequently  not  improbable  t^^' 
under  favourable  circumstances  these  metals  may  become  cone        *^ 
tratod  in  the  form  of  ores. 

A   group  of  veins  extending  from  Rossbach  to  Roth  yi 
tetrahedrite   containing   silver  and    sometimes   a   little   merci^  — '/J' 
while  cinnabar  occurs  in  the  copper  lode  at  the  Neuermuth  M    — '■'^ 
at    Nauzenbach,   and  traces   of  the  same    mineral  are   found 


:^ 


2lds 


10 


L 


I  SeAoiMniu  arv  «on!to1idi«t<<(l   ksh  beds,  probably   remilting   from  «niptia 
which  th«  dialmso  ewes  i(«  origin. 
F.  8uidb«i^r.  Btrf.  und  an*' 


^ng.,  1877,  p.  390. 
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hsematite   which   generally   occurs   in  the  Schahtein  of  the 

ict. 

considerable  number  of  veins  very  closely  resembling  one 
ther  in  other  respects,  but  diftering  considerably  in  their  strike, 

t  been  opened  up  by  the  workings  at  tlie  Hiilfe-Guttes  Mine  at 

BDbach.  Some  of  these  lodes  have  contained  a  sufficient 
nouDt  of  nickel  to  admit  of  its  being  extracted  with  advantage.^ 
be  nickeliferous  ores  contain  on  an  average  from  12  to  15  per 
tDt.  of  copper  and  about  .1  per  cent,  of  nickel.  Arsenic  and  cobalt 
•e  not  usually  present,  but  sometimes  occur  at  the  intersection  of 
^  lodes  by  cross-veins. 

■Ores  of  antimony  sometimes  occur  in  the  Devonian  rocks  of 
Seuish  Prussia  between  Wintrop  and  "Uentrop,  four  miles  from 
.msberg,  where  a  bituminous  limestone,  from  six  to  eighteen 
icbes  in  thickness,  alternates  with  clay  slates  and  siliceous  shales. 
11  of  these  strata,  which  are  overlain  by  Millstone  Grit,  are 
easioually  penetrated  by  stibnite.  which  is  usually  most  plentiful 
nrds  the  middle  of  the  various  beds,  and  gradually  becomes  less 
Lear  their  planes  of  separation.*  The  more  massive  portions 
^e  stibuite  sometimes  include  fragments  of  the  enclosing  rock, 
J  the  ore  not  unfreqtieutly  penetrates  into  cracks  and  fissures, 
rantite,  antimony  ochre,  is  found  as  a  product  of  alteration  near 

surliice,  and  the  rock  sometimes  contains  a  little  iron  pyrites, 
ade,  calcite,  and  fluor  spar,     As  early  as  the  year   1833   the 

iri  Mine  had  opened  up  eleven  of  these  metalliferous  strata, 

which,  but  without  any  apparent  connection  with  them,  are 
ins  of  heavy  spar  containing  copper  pyrites  and  ores  of  bismuth. 
;  the  Hoffnung  antimony  mine,  near  Briick  on  the  Ahr,  the 
;vonian  slates  strike  nearly  north  and  south  with  a  dip  of  about 
Ijtowards  the  west.  The  ores  of  antimony  occur  over  a  band  which 
Sometimes  as  much  as  120  feet  in  width,  and  which  in  1827  had 
en  opened  upon,  in  the  direction  of  the  strike  of  the  strata,  for 
distance  of  about  5G0  feet.  The  stibnite,  which  is  associated  with 
(D  pyrites  and  brown  spax,  is  found  partly  in  true  veins  and  partly 
itween  the  planes  of  stratification,  or  in  cleavage  fissures. 

rtron  ores  occur  in  the  Devonian  rocks  of  the  Duchy  of  Nassau  in 
form  of  beds,  lodes,  contact  deposits,  segregations,  and  surface 
iposits.'      In   the   neighbourhood   of  Dillenburg  and   Wetzlar, 

T.  Koenen,  ZeiMir.  d.  d.  gtol  OfKllsch.,  1863,  vol.  xv.  p.  U. 
liiff,  Knr»Un't  Arch.  vol.   vi.   1827,  p.   54,  and  1833,  vol.  vi.  p.  439.     B.  t. 
'  Die  Lchre  von  den  Erzlaeorsttttcn,"  vol,  ii.  p.  164. 

Sandl>ergcr,  "  Debera.  der  geol.  Verb.  v.  Kassau,"  1847,  p.  27.  H.  Bauenniin, 
llnrgy  of  Iron,"  London,  1882,  p.  80.  A.  Noggerath,  Zeit*ckr.  Berg.  EilU. 
nwi.  vol.  xi.  1863,  pp.  63-94. 
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numerous  bed«  of  haematite  occur  aasociated  with  Schahtein,  u^M 
•ooording  to  Sandberger,  these  deposits,  which  are  frequentij  ni^H 
ur^goUr,  ioran&biy  occur  in  coDtiection  with  either  Akhm  jB 
Sekaltiein  ;  being  8>jinotiines  bounded  by  either  of  these  rocbj^| 
one  Bide  and  on  the  other  by  Cypridina  slates.  Tbey  coBld^| 
namerons  fossils,  and  are  worked  in  five  to  six  hundred  fll^H 
naues  in  the  Dachjr  of  Nassau  alone,  Stiift  says  of  these  depd^l 
tliat  they  are  distinguished  as  Fluas-lager  when  contaiuing  etli^H 
spar,  and  its  kuuUye  Lager  when  quartz  is  present  in  notable  p<H 
portion.  The  first  often  lie  entirely  in  ScJialstcin  ;  while  ciiabusH 
in  many  cases  forms  the  hanging  wall  but  never  the  foot  mU^I 
The  siliceous  beds  are  found  entirely  in  diabase.  In  a^lditiou  toH 
ha^m.'ttite,  limonite  also  occurs  in  this  district,  but  generally  iafl 
association  with  limestone.  H 

A  short  distance  north  of  Stockhauscn,  on  the  Lahn,  a  bed  o^| 
iron  ore  occurs  in  Schahtein,  near  its  point  of  cuntact  witllH 
labradorite-porphjTy  ;  and  south  of  Brilon,  in  Westphalia,  a  cluiaH 
of  iwrphyritic  domes  occurs  in  the  Upper  Devonian  series,  wliidiH 
are  accompanied  by  lenticular  deposits  of  hosmatite  at  theirfl 
junction  with  the  stratified  rocks.  Lodes  of  spathic  inm  orv,H 
partially  altered  into  limonite,  frequently  occur  in  this  part  offl 
Gomiany,  and  often  contain  a  greater  or  less  amount  of  copperH 
or  lemi  ores,  thus  gradually  passing  into  lodes  of  these  uieUliH 
with  a  veinstone  composed  of  more  or  less  altered  siderite.  H 

Large  qu.intities  of  spathic  iron  ores  occur  in  the  Devoniim  W 
rocks  of  the  Siegen  district,  the  most  important  deposit  being  tint    1 
of  Stahlberg  near  Miiseu,  where  a  nearly  vertical  wedge-shapwl     \ 
vein,  enclosed  in  clay  slate,  has  been  worked  since  the  year  1313. 
The  greatest  thickness  of  this  mass  is  ab<}nt  seventy-five  feet,  ibi 
horizontal  extension  about  160  yards,  and  its  depth,  which  hasbe«D 
proved  by  twelve  working  levels  driven  into  the  hill  side,  2*10  jiirdi. 
Tlic  entire  mountain  belongs  to  the  so-called  Coblenz  beds  of  the 
Lower   Devonian  formation  which  predominates  throughout  tlie 
Siegen  district.     Clay  slate  is  the  prevailing  rock,  the  mi^t  unial  | 
variety  being  greyish  with  an  imperfect  cleavage;    but  lustrous 
bluish-grey  slates  with  a  typical   slaty   structure   are   also  n^^Vi 
with,  as  are  likewise  brownish  red  slates  called  FacJis  by  t^ 
miners.     The  last  two  varieties  exercise  an  impoverisliing  influei*** 
upon  the  lode,  and  beds  of  hartl  grauwacke  are  frequently  infc^* 
stratified  with  the  slates.     The  strike  of  the  strata  is  north-ei 
and  south-west,  with  a  dip  of  about  45"  towards  the  south-east, 
vein  traverses  the  lx3<l<ling  with  a  dip  of  from  ftO"  U>  85'  towaJ 


I  the  south-east  and  maintains  its  miixiniuui  widtli  for  a  distance  of 
I  60  yards.      Well  defined  selvages  are  but  rarely  met  with,  and 
I  the  country  rock,  which  is  principally  clay  slate,  is  almost  always 
•  -1  for  several  yards  from  the  lode  by  numerous  strings  of 
iron  ore.     On  the  north,  hard  bands  of  grauwacke  occur 
I  villi  beds  resembling  roofing  slate ;  and,  when  these  constitute  the 
I  country  rock,  they  cause  the  almost  entire  disappearance  of  iron 
t  we.    The  lode  splits  into  three  leaders,  varying  from  six  to  thirty- 
^K  foet  in  width,  which,  together  with  the  interpolated  wedge- 
^nf&ped  masses  of  country  rock,  att^n  a  united  thickness  of  180 
I   feet,  proceed  for  a  distance  of  120  yards  in  the  direction  of  the 
I  itrike.  and  then  continue  as  insigniftcant  strings  of  quartz.     The 
'  lode  consists  almost  exclusively  of  sjiathic  iron  ore,  of  a  yellowish- 
white  colour,  containing  about  1 1  per  cent,  of  manganous  oxide, 
I  and  which  rarely  changes  into  brown  iron  ore.     In  drusy  cavities  in 
this  lode  rhombohedral  crystals  of  spithic  iron  ore  one  and  a  half  inch 
in  diameter  are  sometimes  met  with.     The.se  crystals  have  curved 
faces,  and  are  always  accompanied  by  crystals  of  quartz.     Other 
ores,  such  as  iron  pyrites,  copper  pjrites,  fahlerz,  and  galena,  are 
met  with  at  several  jK>ints  in  the  lode,  and  are  comparatively 
abundant  in  the  adjoining  mine  of  Schwahengrube.     The  produc- 
tion of  Stahlberg  in  one  year  never  exceeded  36,210  tonnes,  and 
in  1881  the  yielil  amounted  to  only  2,657  totmes  of  iron  ore.* 

The  Carboniferous  formation  of  the  Ruhr  district  in  Westphalia,^ 
us  at  Essen,  Bochum,  Hilrdc,  and  various  other  localities,  contains 
,p.ir8llel  deposits  of  ironstone  closely  resembling  tlie  blackband  of 
he  Scottish  coal-fields.  In  addition  to  beds  of  compact  ironstone,  a 
nodular  concretionary  variety  is  of  frequent  occurrence  in  the  shales 
of  this  formation.  The  ironstone  dopjsits  of  the  Carboniferous 
brmation  in  the  neigldionrhood  of  Saarbriicken  are  usually  more 
pnxluctive  than  those  of  the  Ruhr,  and  for  the  most  part  consist 
of  lenticular  concretions  of  sphn^rosiderite  ;  this  mineral  also  occurs 
in  the  lignite  near  Bonn. 

The  Black  Fore.st.3 — The  Black  Forest,  -nhich  rises  to  an 
.verage  height  of  about  3,000  feet    above    the    sea  level,  con- 
chiefly  of  granite  and   gneiss,  which  occasionally  altcnuiJe 
and  pass  into  one  another.     These  are  sometimes  travirsed 
ly    various    eruptive    rocks,   such   as  porphyries,   diabases,   and 

1  ZfiUhr.  Bfrg.  HUtt.  Salintwr.  vol.  xi.  1S63,  p,  93.     Ibid.  vol.  xxx.  1882,  p.  1  fi4. 

•Br.  Cotfji,  "  Di*-  lychre  von  den  KrirUgprstafttn,"  2ml  wJit.  vol.  ii.  p,  ]20. 

•  '^nnn.A-mi.dfiiMintf,  vol.  xviii.  1843,  p.  115.  ^i\h,  Lrvnhirtl'*  TnKhmhich, 
1815,  P.  320,  B.  V.  Cnllft,  "  Die  Lehre  von  aen  Entlogersiattcn,"  2n(l  ed.  vol.  iL  p. 
Ill,     F.  S«>dbcrgi«r,  " Unterenchnngen  iiber  Erzgftnge,"  1882,  Part  1,  p.  40. 

T 


271 


QBE  DEF08I3& 


I'Auiq 


Berpentines.     A  rdsII  uha  td  clax  tikt' 

age,  appears  to  merge  gradoaDr  - 

and    there   are   emne    reauint 

Bchrarabei^  and  Offenbuiig.  in  whicb  are  foaad  eaar 

Tlie  New  Red  SaodstoDe  u  extennvelr  deTe]op«<i 

buiirhood   of  Baden  Baden,  wbcnr  it  repuae*  im- 

cryntal  line  rocks.     In  the  southern  poitianor 

SamUtonf!  somotinies  occurs  on  the  granitic  L^..^..-  .. 

Forest,  and  ufUin  covord  them  in  the  forai  of  icoiated  caps.    Oa 

we«tcm  deolivily  of  the  rnuuntjuns,  wUeh  dtwwad  apidij  tnirudi 

the  vivUey  of  tlift   Khini>,  is  a  succcarioa  of  eednaeotary 

tiltpd  into  a  nearly  verticuil  (Hjjtition. 

Vfins  contiiinitig  ores  of  silver,  lead,  copper,  ni- ! 

and  antimony,  oiiBociated  with  heavy  spar,  daor  spar,  l 

iiuiirtz,  are  not  of  unfre<iu«.*nt  occurtenc* ;  the  majontT  of 
ar^,  howt'VfT,  too  poor  to  admit  of  their  heing  advmoi 
worked,  and  only  ut  long  intorvals  contain  rich  podcetg  of 
The  lodoH  in  this  region  are  said  to  owe  their  origin  to 
rockfl,  ami  <'s|)i^<Mully  t«  porphyries,  which  they  always 
wlienever  they  como  in  conUwt  with  them.     The  galena 
ihoflo  lodes    ia    Raid  to  bucome  gradually  poorer  in  tilver 
proi>ortion   as   t}»e   rocks   traversed    by   the   lodes    are  of 
recent,  nge.     Important  deposits  of  pea  iron  ore  are  found  in  ri 
localitie.'t,  and  particularly  in  the  neighbourhood  ofKaadere; 
are  also  veins  of  lirnotiite,  which  snmefimea  contAin  ores  of 
ganoAC.       Gold    is  found   in    the   alluvium  of   the  Rhine; 
deposits  of  OAlamino  occur  at  WieKloch,  in  Baden. 

Tho  Kinzit;  Valloy  is  chiefly  composed  of  granite  and 
which,  on  tho  lops  of  tho  highest  hilU,  are  somelimes  oveiUn 
Bunter  Sandstone.  In  this  valley  the  crystjJline  rocks  are 
«]iu"fitly  traversed  by  veins  containing  ores  of  silver,  lea*!,  eop' 
nit'ki'l,  and  colmlt,  juwdciated  with  heavy  spar,  calcite,  browns^ 
and  i[uartz.  Tiu'se  minerals  occur  so  intermixed  with 
another  that  tho  ludos  cannot  he  classified  int*i  distinct  groups  in 
Bcconlan<"e  with  the  metals  which  they  yield,  and  in  some  cue^i 
all  tho  various  ores  above  enumerated  are  found  in  the  «*^H 
vein.  Notwithstanding  the  large  number  of  veins  in  this  disti^W 
it  has  never  been  a  continuously  prosperous  mining  region,  a^ 
the  rich  orea  only  occiu*  in  patches  of  limited  extent  at 
distances  apart. 

The  Wen/.el  Mine,   in   the    Wolfach  district,  is  said  to 
yiehled  In -i   pr.''**"  ''ufji,  ,  dn  ,  ,irly  p.ort  of  the  last  century, 
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^bte  Alter  St.  Joseph  Mine,  near  Wittich,  was,  at  about  the  same 
Keriud,  worked  for  native  silver,  argentite,  and  smaltite.  The  riire 
Knineral,  wittichcuite,  cupriferous  sulphide  of  bismuth,  also 
Kccurred  in  this  mine.  The  Sopliie  Mine,  in  the  same  neighbour- 
Blood,  was  also  at  one  peiiod  very  celehrated,  producing  native 
B^ver,  argentite.  pyrargyrite,  native  bismuth^  bismuthite,  realgar, 
■and  copper  nickel.  Other  similar  lodes  are  known  in  the  district, 
■■ome  of  which  have  yielded  ores  of  copper.  Braun  states  that 
Hkheie  lodes  penetrate  the  Punter  Sandstone,  and  mentions  one  at 
Hike  Giite-Guttes  Mine  which  has  granite  as  its  foot  wall  and 
H|&Ddstone  as  its  hanging  wall.  Among  the  other  veins  of  the 
■Kinzig  Valley  is  the  Friedriuh-Christian,  near  Schapbach  (p.  56), 
Hvhicb  produces  galena,  schapbachite  or  bismuth  silver,  and 
fcoppcr  pyrites.  Native  silver,  native  copper,  cuprite,  and  chal- 
pi^te  occur  at  the  Leopold  Mine  in  a  matrix  of  quartz  and  heavy 
spar.  Similar  lodes,  although  containing  less  ore,  occur  in  various 
formations  overlying  the  granite  and  gneiss,  namely,  in  clay 
bates,  Carbonift-roua  sandstones,  Bunter  sandstones,  and  Mu.sch.d- 
■o/it,  and  they  even  e.xtend  into  rocks  of  Jurassic  age,  in  which 
^eavy  spar  is  the  only  veinstone. 

■     In  the  southern  portion  of  the  Black  Forest  granite  and  gneiss 
■^in  predominate,  hut   they  are  here   associated    with  rocks  of 
KiJurian  age,  which  gradually  pass  into  gneiss,  while  remains  of  the 
Bunter  Sandstone  are  sometimes  found  upon  the  higher  ground. 
Tlie   veins  in  the  neighbourhood   of  Sulzhurg,  like   those    in   the 
Kinzig   Valley,    yield   ores   of    many    diBereut  metals,   but    the 
most  remarkable  mine   of  this    region    is    probably    the   Haus 
Baden  and  Carl,  near  Badenweiler.       The  lode  in  this  place  is 
sometimes  as  much  as  twelve  feet  in  width,  and  may  be  regarded 
as  a  contact  deposit  between  granite  and  Bunter  Sandstone,  but 
it  is  separated  from  the  granite  by  a  mass  of  porphyry  some  forty- 
five  feet  in  thickness,  which  itself  contains  galena,  heavy  spar,  and 
fluor  spar.      The  veinstone  is  composed  of  heavy  spar,  fluor  spar, 
and  quartz,  containing  argentiferous  galena,  cojiper  pyrites,  and 
chalcocite,  which  near  the  surface  have  frequently  become  trans- 
formed into  various  secondary  minerals. 

The  lodes  of  the  MUnster  Valley  closely  resemble  those  in  the 
neighbourhood  of  Sulzhurg,  while  similar  veins  occur  in  the 
Hofsgrund,  on  the  Erzkasten,  and  iu  the  neighbourhood  of 
Todtenau. 

In  the  middle  ages  gold  wasliing  was  actively  carried  on  in 
■be  Rhine  Valley  between  Mannheim  and  Basle,  and  v.  Cotta 
1  T  2 
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states  tfamti.  is  IftaO,  400  ]»'rK<>n.'<  were  ix%a$ioQa]ly  employed 
IpoU  waikiog  in  tba  Grand  Duclij  of  BnrliMi.     The  gold  Is  la 
MBflOg  tbe  MBtb    «ad    pebbles  on    tlie    hnuks   of    tbe 
MMG^ited  chiefly  with  Umenite  ntwl  rns4.'-col<>tired  quartz,  in 
never  exceeding  s  miUiinetrB  in  diameter.     The  enure  hod 
river  is  aurifcMna,  bat  it  b  in  certain   localitit^'s  only  Ui 
aaiMb  wiQ  repay  the  expenses  of  working.     The  gnld-T; 
oommence  below  Basle,  in  Ae  neighbourhood  of  Istein  &t)d 
Bfi'isach,  but  the  most  piroductive  lr>calitie3  arc  between  KeU 
Dachalandea,  eep*  jmsite  the  village  of  H*^lmlingeQ; 

art.!  also  a  few  w.i ^     below  Philippsburg,  Iiut  tli.ir  vii-W 

exceedingly  sinftll. 

Calamine  occurs  in   tbe  if»eehflkaUc,  but  thL^i  lU|Kt^il  tliffoi 
materially  frora  Uiose  of  Upper  Silesia,  whicj)  ocnir  in  the 
formation.     According  to  official  documents,  mines  of  argeniif< 
galena  were  worked   in  the  range  of  hills  between  Nussloci 
Wirsloch  as  early  as  th«?  eleventh  century,  but  niiuing  for  call 
wna  not  commenced  until  the  year  I80I.     The  nx^k  is  intei 
by  vertical  fiasuroa,  in  which  carbonate  of  zinc  without  a: 
ture  of  silicate  rjccura,  accompanied  by  brown  iron  ore  ui 
When  the  vncrinal  bods  rest  upon  the  compact  limestoDe  tb« 
finsurcs  often  widen  out  ami  contain  very  rich  ore.      llie  preteoog 
of  numerous  fnssiU  converted  into  calunuue  indicates  that  tbe Ibr- 
mation  of  the  ore  is  the  result  of  the  alteration  of  limestoue  iiit« 
calamine. 

Kxt^>nsive  deposits  of  pisolitic  iron  ore  are  found  in  the  Juiass 
formation  in  the  vicinity  of  Kandern,  Stockach,  Muhringen,  asA 
.Ii'Htotlen,  a.**  well  a.s  more  to  the  north  in  the  Baicr  Valley. 
The  longest  worked  and  most  important  of  these  mining  distiieU 
is  that  of  Kandern,  where  the  iron  ore  forms  part  of  a  gandy 
deix>8it  v.irying  from  one  to  one  hundred  feet  in  thickness,  iinil 
which,  for  the  most  part,  overlies  rocks  of  Jurassic  age.  Thil 
rdep^^wit,  which  is  known  as  the  Erzgebirge,  in  some  places  cornel 
to  the  surface,  or  is  covered  by  alluvial  detritus,  but  is  morefw-, 
quently  overlain  by  a  Tertiary  limestone  conglomerate  Ificull; 
kn>»wn  as  Striiiffttnt).  In  1SG5  about  eiyht  mines  were  working  il 
"  Ihe  ili*trict  around  Kandern  and  Kloingau,  and  iron  mines  are  sa.i( 
to  have  been  in  operation  in  this  part  of  Germany  for  more  tliaJ 
tun  centuries, 

ImmedtaUdy  below  the  vegetable  soil  at  Mosskirch  isalay< 
of  nome  inrhoji  of  sand,  beneath  which  ore  several  inches  of  pisolitic 
Iron  ore  n\i.Tod  with   pebbles,  sand,  and  sharks'  teeth.      Below 
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Author  layer  of  sand,  covering  the  chief  deposit  of  iron  ore 

set  in  thtckuesg,  containing  botildors  associated  witli    shells, 

ts'  teeth,  and  Oolitic   and  Tertiary  fossils.       The    whole  is 

ly  cemented   together  by   liydrated    ferric   oxide,   while   the 

lers,   which  are  principally  quartz,  frequently  contain  white 

Flinty  concretions  are  sometimes  met  with,  and  angular  or 

led  fragments  of  Tertiary  sandstones  are   by  uu   means  of 

luent  occurrence. 

le  miners  distinguish  two  kinds  of  ore ;  namely,  Rtiiurz,  pure 
and  Bohiurz,  pisolitic  ore.  The  first  of  these  is  a  lamellar, 
jpact,  or  fibrous  ironstone  occurring  either  in  pat-ches,  or  in 
k^xlular  concretions  which  sometimes,  although  rarely,  attain  a 
liameteroftwo  feet.  They  are  covered  by  a  yellowish  or  brownish' 
r«d  incrustation,  and  when  broken  are  found  to  be  composed  of  con- 
is«ntric  layers,  or  to  be  fibrous,  compact,  or  evL*n  porous.  Their 
LXiterior  is  generally  hollow,  or  is  occupied  by  a  kernel  of  clay  or 
pioii.  When  hoUuw  the  surfaces  of  the  cavities  are  often  lined  by 
incrustations  of  ha;niatite,  by  fibrous  limonite,  or  by  crystals  of 
lirown  spar,  spathic  iron  ore,  or  caldte  ;  even  Jurassic  fossils  are 
occasionally  found  enclosed  in  these  nodules  of  clay  irou- 
rtone.  The  Bohmn,  like  the  Jieinen,  forms  continuous  nests  or 
Ws,  but  the  two  sometimes  occur  together  in  the  same  deposit. 
lie  larger  nodules  of  Bohiurz  vary  in  size  from  a  pea  to  a 
ttut,  and  are  always  formed  of  concentric  layers  more  or  leas 
lly  cemented  together.  Jtusper  likewise  occurs  with  both 
eties  of  ore,  and  is  always  grey  when  associated  with 
^Mrz,  but    may    be    either     grey   or    red    when   found    with 

■B.  V.  Cotta  says,  with  regard  to  these  deposits,  that  the  separate 
^ppbers  of  the  two  varieties  of  ore,  including  the  jas[>er,  evidently 
iRIong  to  the  Jurassic  period,  but   were  deposited  in  their  present 

atiou  during  Tertiary  times,  as  is  shown  by  the  sharks'  teeth, 
8,  and  fragments  of  ilolasse  sandstone  which  accompany  them. 

further  remarks  that  the  nodules  of  ore  and  jasper  cannot  be 
firdiniiry  pebbles  as,  if  so,  their  external  fonu  would  not  so  exactly 
■respond  with  their  intemtd  structure. 

The  Palatln'ATE. — Ores  of  mercury  occur  in  the  eastern  portion 
nf  the  Saarbriicken  Coal-basin  in  lodes,  as  impregnations  in  slates, 
suidslones,  and  ironstones,  and  as  conglomerates  of  Lower  Permian 
»ye,  as  well  as  in  the  melaphyres,  amygdaloids,  and  porphyries  which 
live  in  various  places  burst  through  them.     Lodes  containing  ores 

lis  metal  are  found  at  ihePotzberg  in  sandstone  an<l  argillaceous 
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Bhale  ;   at  Morsfeld  in  melaphyre-conglomorate,  cl«yslone-i 
erate,  ami  clayst-oue  ;    at  Riithsweiler,  Erzweiler,  and  Bant 
in  melaphyre  and  amygdaloid  ;  and  in  the  K»>nig«berganil  Lea 
in  quartz- porphyry.      These  veins  are  sometimes  accompani^ 
olaystonc'S   and    hornstoncF,    •wliioh     are    otliorwise    unkiw* 
the   <iistrict,    and    may   perhaps  be  products  of  the  aiteretit 
eandstones  and   ordinary  clay  slates.       In  claystones  and 
stones  tlie  lodes  are  usually  metalliferous,  but  l>ecome 
tively  uupro«luctive  upon   pnssing   into  other  rocks.     San 
and    conglomerates   have   sometimes   contained    rich  dep 
ore,  but    the    clay    slates  are    almost   invariably   barren, 
only  known  exreption  to  tliia  rule  is  the  occurrence  of  dji 
in  the  casts  of  fossil  ii.sh,  in  the  clay  slate  near  Mtinst 
on  the  right  bank  of  the  Appelbach. 

The  lodes  of  this  district  are    for  the  most  part  R88ociatadi( 
small  groups  in  which  the  principal  leaders  assume  a  eertaia] 
lelism,  but  both  lodes  and  impregnations  appear  to  be  prodn 
at  short  distances  from  the  surface,  only  to  bec<ime  gradually  [won-t] 
as  greater  depths  are  attained.      The  greatest  depth  rcnt-hwi  it ' 
Potzberg,  Landsberg,  and  Morsfeld,  was  about  120  fathoms.    Cin- 
nabar is  the  most  common  ore  of  mercury  present,  and  ii8inlly| 
occurs  in  the  form  of  thread-like  strings,  or  as  crystals  in  snialldmiy 
cavities  either  in   the   vein  or  in  the  country  rock.    The  oiIim 
mercurial  substances  present  are  native  mercury,  native  amalgjun, 
calomel,  and,  more  rarely,  mercurial  fahlerz.     Genendly  speaki&e, 
the  lodes  are  principally  filled  with  clay,  but  calcite,  heavy  «piit,, 
quartz,  homstone,  chalcedony,  and  bitumen  are  also  sometiinelj 
present.     The  associated  minerals  are  iron  pyrites,  which  issoiae-J 
times    argentiferous,    red    and     brown     haematite,    spathic  ir 
ore,  galena,  fahlerz,  copper  pyrites,   pyrolusit«.  and   psilomelnnjj 
The  extension  in    the   direction    of  its    strike  is,  at  Landsh 
on  the  Gottesgabe  Lode,  450  fathoms.     The  Mtirsfeld  lodo,s  exi 
for  a  length  of  about  SOD  fathoms,  but  very  few  of  the  Otii 
are  more  than  100  fathoms  iu  length. 

Important  mines  of  «piioksilver  sprang  up  at  Obermoschel 
Landsberg.'  in  the  Palatinate,  about  the  middle  of  the  fifteen^ 
century,  and  the  Erzengel  Mine  alone  is  said  to  have  afforde^l 
much  as  D.OOO  lbs.  of  quick-i^ilver  anntially.  In  the  year  176-5,  th 
Palatinat*  Zweibriicken  mines  together  yielded  43,000  lbs.  of  quick 
silver,  but  they  have  now  for  many  years  become  almost  completelj 
exhausted.     In  the  year  1879,  the  mines  of  Lemberg  and  Kellerlx?i| 

»  II.  V.  Dechen,  Kartten'i  Archiv,  vol  xxiL  18<8,  pp.  S75-464. 
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src  re-opened,  but  their  production  has  been  very  small ;  in  1879 

sy  yielded  1425  tonnes  of  ore,  worth  about  £20 ;  and  ia  ISSO,  29 
BDes,  of  the  value  of  £35.  No  returns  of  ore  were  made  in  the 
»r  1W.S1.1 

The  Harz. — Mining   in  the    Harz   was   first  begun    in   the 

r  968,  during  the  reign  of  Otto  I.,  the  first  workings  having 
eea  commenced  at  Rammelsberg,  near  Goslar.     Between  the  years, 
004  and   1006   the   mine    was    abandoned    in   consequence    of 
igue  and  famine,  but  was  resumed  in  1016.   In  the  fourteenth  cen- 

'V  the  workings  at  Rammelsberg  fell  in,  400  miners  were  killed, 
ad  in  consequence  mining  was  ubandoned  for  about  100  years. 

1473    the   Meissner  Adit    was   begun   by   miners   from    the 
eissnev  district,  who  understood  working  in  hard  rock  with  the  gad 
nd  hammer  better  than  the  local  miners,  and  bliistiug  with  powder' 
U  tried  iu  the  middle  of  the  fifteenth  century.       In  1820  the 
ftinmelsberg  was  removed  from  the  jurisdiction  of  the  town  of  Goslar  , 
id  handed  over  to  the  Commnnion  Harz  Vcnvaltun-'j,  which  is  so ' 
wded  that  Hanover  receives  four-sevenths  and  Brunswick  three- 
fVenths  of  the  profits. 

Mining  was  begun  at  Zellerfeld,  Wildemann,  and  Clausthal,  in 
e  Upper  Harz,  in  the  year  1000.  Mining  flourished  in  the 
irteentli  century,  but  came  to  a  sUiudstiU  in  the  middle  of 
le  fourteenth,  on  account  of  difficulties  experienced  in  draining 
le  mines.  At  the  beginning  of  the  si-iteenth  century  the 
were  worked  on  an  extensive  scale,  but  were  again  aban- 
during  the  Thirty  Years'  War.  Owing  to  injpruvements 
h  had  in  the  meantime  been  made  in  pumping  machinery,  the 

es  were  successfully  re-opened  at  the  beginning  of  the 
^hteenth  century,  and  have  continued  in  operation  to  the  present 

The  Harz  comprehends  an  approximately  elliptical,  upland  area, 
greater  axis  of  whicli  is  twice  as  long  as  the  smaller,  consisting 
the  most  part  of  sedimentary  formations  of  Devonian  and  Lower 
boniferous  age.*  Grauwacke,  clay  slate,  siliceous  slate,  and 
ite  are  the  predominating  rocks,  with  subordinate  beds  of 
estone.  These  strata  are  frequently  broken  through  by  igneous 
8,  especially  by  the  granite  masses  of  the  Brocken  and  Ram- 
srg.  Around  the  older  rocks  is  a  mantle  of  more  recent  formations, 
ely.  Upper   Coal-measures,   Permian,   Triassic,  Jurassic    and 

»  Z<UiefiT.  Brri},  IHltl.  Salifuinw.  vol.  xxviii.  1880,  p.  166.  Ibid.  vol.  xxix. 
11,  p.  189.     Ilnd.  vnl.  xxx.  18g2,  p.  187. 

*  I>r.  A.  Gurlt,  "  BiTgbim  und  Hiittenknnde,"  Essen,  1879,  p.  16. 

*  A.  ▼.  Gioddeck,  "Abrisn  derGeugnooie  des  HnrauB,"  ClRUatSa],  1883,  p,  22. 


Cretaceous  rocTcs,  ■wliich  may  be  regarded  as  definiuf;  the  limit  ofl 
the  mouutain  district.  I 

The  principal  riches  of  the  Harz  consist  in  lodes  and  depodtj 
of  silver,  lead  and  copper  ores,  sometimes  united  with  ores  ofl 
cobalt  and  nickel ;  in  lodes  of  antimony  ;  in  segregations  of  pyriteaJ 
and  in  lodes,  beds,  and  deposits  of  ores  of  iron  and  manganeseJ 
The  copper  schist  of  SJansfc'ld,  in  the  Lower  Harz,  is  very  extenaivel|l 
worked.  " 

Tbe  lodes  producing  ores  of  these  metiUs  occur  chiefly  in  the 
Devonian  and  Lower  Carboniferous  rocks  of  Clausthal  and  Zeller 
feld,  in  the  Devonian  rocks  of  the  Ilammelsberg,  in  tbe  Siluria 
rocks   of  St.   Andreasberg,  and    in    slates    of  the  same  age 
Harzgerode  in  the  Eastern  Harz. 

A.  V.  Groddeck  describes^  tbe  celebrated  lodes  of  the  Nortii 
west  Upper  Harz,   on   the  plateau  of  Clausthal,  as  traversii 
Devonian  strata  and  Culm-measures,  and  states  that  a  displs 
ment  of  the  country  rock  to  a  distance  of  218  yanls  occurs  at  Bocka 
wiese  and  Lautentbal,  where  tbe  lode  fissures  have  Devouian 
on  tbe  foot  wall  and  Culiu-measures  on  tbe  banging  wall.     Thi 
lode-groups  form  a  system  of  rays  which  spreads  out  from 
Upper  Kellwasserthal,  beneath  the  Brocken,  towards  the  west.   In 
this   system  three  main   rays   may  be  distinguished:    tbe  mc 
southerly  of  which  has  a  geuenil  strike  of  N.  75°  W.  (7  o'clock' 
and  is  formed  by  the  Silbornaaler  group,  the  United  Burgstadterond 
RosenboftT  groups;   and  the  Schulthaler  group.     TJie  Lauteuthal- 
Halinenkleer  aud  the  BLK;kswiesL'-Ftsteuburg-Scbu]enberger  groups, 
which  have  a  general  strike  N.  45°  W.,  belong  to  the  middle  rajH| 
The  eastern  ray  is  composed  of  a  group  which,  up  to  the  present^ 
time,  has  not  been  much  investigated  :  its  direction  is  N.  and  S. 
Between  these  main  lodes,  especially  between  the  south  and  middle 
groups,  several  others  occur,  among  which  may  be  mentioned  then 
Zellerfelder,  the  Herzberger,  and  the  Hutschenthal-Spiegeltbalew| 
groups.     Next  to  the  metalliferous  veins  are  two  destitute  of  ore, 
the  fauh  IIhscIicI  and  Charlotte  Lode,  which  run  nearly  parallel  to   i 
the  strike  of  the  bud.-?,  namely,  from  N.  45°  to  75"  E,  ^ 

The  lodes,  wliich  have  distinct  selvages  on  the  foot  wall,  are 
split  up  and  mi-xcd  with  the  country  rock  on  the  hanging  wall, 

'  A.  V.  firo  Idcck.  ZcUfickr.  d.  rf.  ffroL  Oixclltch.  vol.  xviii.  1886,  p.  693,  and  vol. 
xxix.  1877,  p.  440.  ZeUnchr.  Berg,  lliltt  Halinmw.  vol.  xri.  1878,  p.  1.  B.  BOainj;, 
Jbid.  vol.  XXV.  1877.  p.  280. 

*  In  (.>x]ircwin;^  the  strike  iu  houn  we  must  imax'inc  th*  liorizon  to  be  ilit'idi-il 
into  twice  12  hours,  each  hour  i<>]ire»enting  15".  The  ilirectiou  N.S.  i»  hour  12, 
midnight  and  midday ;  K.W.  ia  Lour  0,  moiniui'  -''ng.  ^m 
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k  tsd  sometimes  reach  a  thickness  of  more  tban  20  tatboms ;  their 
cBpis  at  a  great  angle  towaids  the  south  and  soutb-'Aest,  rarely  to- 
wards the  Dorth  or  east    The  filling  of  the  lodes  principally  consists 
of  country  rock,  grauwacke,  and  clay  slate  in  a  more  or  less  altered 
«iate, together  with  lustrous  black  slate.     Between  these  fhigmeuta 
of  country  rock,  the  gangtie  and  ores  lie  in  the   form  of  strings 
«nd  impregnations  ;  brecciated  lodes  are  very  general.    The  gangue 
is    <juartz,  spathic  iron  ore,  calc  spar,  and  heavy  spar;  the  prin- 
Oj  j>al  ores  being  argentiferous  galena,  blende,  and  copper  pyrites. 
^faese  ores  are  very  unevenly  distributed  in  the  lode  cavities,  and 
■H «_»_  iiierous  veins    are    characterised    by   the   predominance   of    a 
^  vjB  jiitzose  gangue,  with  galena,  as  in  the  case  of  the  Zellerfeld 
ic^-<:3es ;  others,  such  as  the  Burgstadter  lodes,  are  filled  with  quartz, 
Cr*"^  3cite,  galena,  and  blende.     In  some  places  copjier  pyrites  oc^curs, 
at  the  Charlotte  Mine,  or  zinc  blende,  as  at  Lautenthal,  where 
is  the  principal  ore.     In  an  exhaustive  memoir  recently  pub- 
■hed,  F.  Schell  ^  describes  the  lodes  of  the  North-western  Upper 
"arz  as  having  a  general  strike  from  south-east  to  north-west, 
-*nnerly  they  were  represented  as  being  parallel,  and  this  to  a 
?rtain  extent  is  true,  although  it  can  no  longer  be  con.sidered 
strictly  correct.     The  whole  system  of  lodes  should  rather  be 
egarded  as  a   network,  because   they  arc   almost  all   connected 
tjtber  by  intersecting  veins  or  by  flucans.      The  majority  of  the 
■odes  dip  to  the  soutli-west,  and  on  this  account  have  been  termed 
^"  "right  dipping,"  in  contradistinction  to  those  inclined  in  the  opposite 
■^lirection,  which  are  styled  "  reverse  di])piug."     The  latter  occur 
chiefly  in   the   Rosenhdfer  lode-group.     In   describing  the  lodes 
according  to  their  character  and  constitution,  it  is  desirable  to 
employ  the  expression  Ganijzng,  lode-group,  because  it  signilies  to 
a  certain  extent  that  they  were  formed  at  one  time,  or  may  even 
be  at  present  in  course  of  formation. 

Commencing  in  the  south  and  ending  iu  the  north,  these  lode- 
systems  are  the  following: — 


1.  The  Laubhiitter-Adit  lodo-group. 

2.  The  Hulfe-Gotteser  and  Isaakstannt:r  lode-group. 

3.  The  Silbemaaler  lode-group. 

4.  The  Rosenhofer  lode-group. 
6.  The  Burgstiidter  lode-group,  and  the  Zellerfelder  main  Iwl" 

group. 

'  "  Der  6«rf;1>aii  Rm  nordwestlkhen  Oltcrbnrxe,"  ZeiUthr.  B«rg.  UilU.  SaliniHe. 
vol.  XXX.  1882,  p.  83.  ' 
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6.  The  llaus-Heraberger,  Spiegelthaler  and  Spiitent 

gJTOUp. 

7.  The  Schulenborger  and  Bockamrieser  lode-groap. 

8.  The  Huhneukleer  nnd  L&atenthaler  lode-group. 

The  Rosenhofer  group  has  the  most  complicated  network  of  lodtfl 
of  any  in  the  North-we3tern  Upper  Harjt.     Foruiiog  parlofi(L<j 
perfect  entanglement  of  veins,  completely  shut  in  by  two  inam  li»i«^  j 
namely,  by  the  hanging  wall  of  the  Thurmliofer  and  foot-vrall  of  I 
the  Liegeuder-Alteusegener  Lode.    Between  these  the  most  viii<«l 
fissures  occur,  containing  more  or  less  ore.     There  are  aUo  Bevenj ' 
diagonal  lodes  which  rcmlor  the  mapping  of  this  network  still  more 
difficult,  namely,  the  Ziller  foot  vein  and  hanging  vein  and  tlia  i 
Braunlilier  Vein.     Within  the  network  are  several  reverse^lippiig 
veins,  and    laatly  tliere  is   the  /auk  Runchel   coming  from  tlw 
Burgstiidter  Hauptzug  which  joins  the  Altensegener  Lode. 


Fio  68.— RcMitnbBfcl  l«d»trpny :  hcriioDtjd  section. 

Fig.  62,  which  is  a  horizontal  section  of  the  group  along  I 
wat€T-level,  will  not  only  serve  to  give  an  idea  of  the  position 
the  various  branches  but  also  furnishes  an  example  of  the  genen 
mode  (if  occurrence  of  mineral  veins  in  the  Upper  llarz.    Fron 
the  drawing  it  will  be  seen  that  near  the  south-eastern  shafts  til 
the  Rosenhofer  group,  a-s  well  as  somewhat  further  east  and  west,! 
the  lode  fissure  has  widened  consi<lerably  through  the  union  ol| 
several  veins.     The  Thurmhofer  Lode  emanates  from  its  hangin 
wall,  while  the  foot-wall  of  the  Altensegener  Lode  is  connected  byj 
two  diagonal  cross-courses  with  the  main  fissure. 

The  contents  of  the  Rosenhofer  Lode  con,^i3t  of  spathose  iro«* 
ore,  in  addition  to  argentiferous  galena,  and  on  this  account  its  or^ 
are  easily  fusible.     Beautiful  specimens  of  fahlerz  are  met 
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r<r  ^Ubecsegener  shaft,  while  fine  crystAls  of  galena  occur  in  some 

Lie  oChen.     The  ores  are  associated  with  clay  slate,  grauwacke, 

aod  he*vy  q»r.      D«ep  down,  but  only  in  tlie  Rosenlidfer  Mine, 

'     '    -'  found  aooompanying  lead  ores;  but  this  does  not  occur  in 

r  part  of  the  lode. 

most  important  of  the   Clausthid   veins  oocuis  in    tlie 

'er  gr>ap,  and  seldom  has  any  I'xle  been  richer  in  massive 

The  occurreDce  of  solid  galena  is  specially  to  be  noted 

at  two  points,  namely,  in  the  Dorothee  Mine  and  in  the  Herrog 

Ueorg-Wilhelm  Shaft. 

Fig.  63  represents  the  Burgstiidter  lode-group,  from  which  it 
wili  be  seen  that  it  ia  not  a  single  rein,  but  is  associated  with 
sevenl  others,  although  no  distinct  network  is  present  as  in  tlio 


Fm.  n,— B<iTgcU<1ter  lode-grovp ;  borlxonUl  Mctlon. 

Rosenhofer  ground.  At  the  north-western  end  of  the  Burgstiidter 
Lode,  the  Cron-Calenberger  Lode  occurs,  find  at  this  p>int  also 
originates  the  Zellerfelder  main-lode  with  it-s  variable  branch  veins. 
It  may  be  assumed  that  the  Cron-Calenborger  Vein  has  essentially 
been  filled  by  infiltrations  from  the  Zellprfeliler  lode  fissure,  and  that 
the  galena  in  the  vicinity  of  the  Ring  Shaft  has  originated  finm  thi.s 
lode.  The  Ernst-August  Mine  is  at  present  the  most  westerly  ou 
this  course,  and  in  this  extended  Ictde  the  contents  vary  c<)nsiderab!y, 
the  galena  being  accompanied  by  clay  slate,  grauwacke,  calc  spar, 
quartz,  a  little  spathose  irou  ore,  copper  and  inm  pyrites,  and,  deeper 
down,  by  blende.  It  is  noteworthy  that  the  ore  in  the  eastern 
portion  is  associated  with  clay  slate  and  grauwacke;  in  that  to  the 
west  of  this  compact  calc  spar  occurs,  while  still  further  west  the 
lotle  becomes  more  quartzose;   the  Gabriel  Lode  being  specially 
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rich  in  quartz.  Although  galena  is  tlie  ore  chiefly  raised,  jet  la 
the  Konigiu  Charlotte  Mine  the  ore  is  not  galena  hut  coppei 
pyrites. 

In  the  Zellerfeld  mines  the  quartzoso  character  of  the  Icxie  it 
still  wore  ntarke'l.     There  is,  however,  another  cin-mn-  ■  be 

noted  which  is  very  cliorjicteristie  of  the  Ring  and  >-i  airr 

Mine.  Here  the  galena,  in  certain  parts  of  the  lode,  occurs  in 
annidar  and  polygonal  forms  which  enclose  parts  of  the  gangueanJ 
country  rock.  Tho  whole  face  of  the  lotle  is  often  covered,  aa  it 
were,  with  different  figures,  and  the  eudosud  fragiueuta  of  rock  arc 
all  of  the  same  kind,  although  they  often  differ  in  colour,  structure, 
and  density.  As  these  figures  usually  approximate  to  ring),  ii 
may  l>e  assumed  that  the  mine  has  aspired  its  name  (rota  tliis 
circumstance. 

In  the  Schulenberger  and  Bockswieser  group,  ore  is  foun«J  in 
two  zones  only,  which  are  tolerably  distant  from  one  another, 
namely,  to  the  east  near  Schuleuberg  and  Festenburg,  and  to  tlie 
west  near  Bockswiuse. 

The  following  remarks  apply  not  only  to  those  lodes  but 
to  all  those  of  the  Upper  Uarz  generally  ; — 

If  the  contents  of  a  lode  are  soft  and  easily  weaihorod, 
a  depression  commonly  results  along  its  outiTop,  as  in  liie 
Ch.irlotte  Lode  near  Wilde mann.  Sometimes,  however,  clay  is 
furitiLid  by  the  weathering  of  the  veinstone,  and  this,  being  im- 
pervious, gives  rise  to  a  swamp.  If  the  contents  of  a  lode  na* 
quartzose  and  less  easily  disintegrated  than  the  country  rock,  theu 
the  weathering  causes  the  lode  to  project  from  the  surface  of  ibo 
ground  like  a  wall.  This  may  bo  well  seen  at  different  spol» 
on  tho  SchuleubcrgtT  and  Bockswieser  group.  Here  tlie  lode 
presents  another  peculisirity,  which  is  charact'OriAtic  of  the  Iler»)g, 
August,  and  Johann-Friodrich  Mines,  namely  tluit  the  veinstone 
of  the  western  part  of  the  lode  is  essentially  softer  than  that  of 
the  eastern  portion. 

Tho  celebrated  mining  district  of  St.  Aiidreasberg '  is  situated 
on  the  southern  edges  of  the  Rehberg  and  Sonnenberg,  on  the 
south-west  end  of  the  Brocken  mass  of  granite;  the  lodes  being 
enclojiod  in  a  narrow  zone  of  Silurian  clay  slate  and  grauwacke, 
bounded  on  the  north  by  granite  and  on  the  south  by  diabase. 
Tho  lodus  are  in  some  cases  destitute  of  ore,  while  in  others 
they    contain    ores    of    silver,     iron,    or    copper.       The    barren 

.>t    >v'ii.  lofl.";.  I).  16.1.      R    V.  TotU, 


"  t)\v  Luliio  von  tltn  ' 


xv».  lofl.l,  p.  16.1. 
■    ».  90. 


veins  often  attain  a  width  of  ahoro  180  lee(,tad  wn  fStSSflf 
agnients  of  clay  slate  anil  clar ;  they  dip  6oa  &5*  to  7S*  tomids 
be  suutb,  and  extend  a  great  distance  on  the  Vat/t  of  strike. 
^vo  of  these  barren  reins,  the  Nea&nger  iuw»ids  tin  noiik,  and 
le  Edelleuter  towards  the  south,  endow  a  bone  or  loo^  dlipsoidal 
Iin«s8  of  rock,  consisting  principally  of  day  slate,  above  2,500 
[fathoms  io  length,  and  moce  than  500  £ithoms  in  width.  On 
}De  side  of  this  large  endosore  of  cotintiy  rvck  is  the  Eddkuter 
rein,  or  flucao,  which  oontinnes  io  nearly  a  straight  line,  while  the 
fanger  vein  forms  an  arch  om  the  other.  Within  this  space 
are  silver  lodes  ever  found,  and  they  do  not  extend  beyond  the 
enclosing  veins.  All  the  lodes  known  at  St.  Andreaaberg  oat- 
side  this  space  contain,  with  bat  few  exceptions,  only  iron  ores 
Atitl  copper  pyrites. 

Two  sj'stenia  of  silver  lodes  are  distinguished  according  to  their 

direction.     The   first  is  coinp>osed  of  several   lodes  which  strike 

N".    22°  to  37°  W.,  and  dip  at  a  great  angle   tjwards  the  north- 

eixst.    The  most  important  of  the«e  are  the  Franz-Avigust  Lode, 

*He  Sams<jn  Lode,  and  the  Jacobsgluck  Lode.     Two  lodes  only 

**^long  to  the  second  system,  namely  the  Gnade-Gottes  and  the 

^<?rgmannst.rost  Lodes,  which  strike  nearly  parallel  to  the  limiting 

^Vican,    and    dip    60°   to   85"  north.     The    silver   veins   are   not 

"^ery  large,  few  of  them  being  above  eighteen   inches  in  width. 

the  principal  gangue  is  calc  spar,  and  the  most  important  ores 

a^re  galena,  antimunial  and  arsenical  silver  ores,  and  native  arsenic; 

these  are  accompanied  by  apophyllite,  harmotome,  desmino,  stilbite, 

and  fluor  spar.     The  silver  lodes  cro-sa  and  frequently  dislocate  one 

^^anothcr,  but  calcite  is  always  the  most  abundant  gaugue.    The  iron 

^1  lodes  outside  the  enclosed  ellipsoid  of  country  rock  are  filled  with 

compact  red  iron  ore,  and  with  several  veins  of  copper  pyrites  and 

^  cobalt  ores,  from  a  zone  i>arallel  to  the  edge  of  the  granite. 

B        The  presence  of  zeolites,  the  comparative  scarcity  of  galena, 

and  the  predominance   of  rich  silver    ores,  characterise  the  St. 

I       Andreasberg  lodes  and  distinguish  them  from  those  of  Ciausthal, 

^■in  which  galena  is  abundant  and  the  other  minerals  do  not  occur. 

"  Some  of  these  lodes  have  a  very  regularly   banded   or   combed 

I       structure,  and  it  would  appear  that  their  origin  is  in  some  way 

H  intimately  connected    with   the   intrusion   of    the   neighbouring 

^B  diabase.     Many  of  the   minerals   present,  such,  for   instance,  aa 

^B  cerargyrite,  tinder  ore,  and  gaiioinatite,  are  evidently  pro(hict«  of 

^P  the  decomposition  of  other  substances.      The  Samson  Lode  has 

been  worked  and  found  to  be  productive  to  a  depth  of  2,590  feet, 
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altboogli  on  account  of  the  limited  extent  of  the  ore  ground 
has  been  followed  hoxizoDtallj  for  &  distance  of  about  2,100  f&^i 
onljr. 

In  the  district  of  Haragerode  and  Neudorf,*  which  is  of  cc»-3v- 
siderable  interest  to  the  mineralc^ist,  the  lodes  are  principaS^ly 
enclosed  in  clay  sUtes  of  Silurian  age^    This  ia  especially  the  ca^^^se 
in  the  Meisenberg  and  Pfaffenberg,  where  their  strike  is  sout^J- 
east  and  north-west  parallel  to  the  principal  axis  of  the  Harz.   Tkx« 
veinstone  consists  of  quartz,  spathic  iron  ore,  and  calcitc.  wit  It 
which  are  aasociattfd  galena,  iron  and  copper  pyrites,  tetrahedrite. 
boumonite,  stibnite,  and  occasionally  traces  of  wolfram.   These  lodes 
also  frequently  contain  fragments  of  country  rock,  which  aro  often 
surrounded  by  concentric  layers  of  different  ores  in  the  following 
order,  namely,  spathic  iron   ore,  quartz,  finely   granular  galena, 
dark  brown  blende,  coarsely  granular  galena.      Zinken  has  de 
scribed  some  of   the   mineralogical   peculiarities  of  these  veil 
particularly   those  belonging  to   the   Bimbaum  group,  and  ha 
pointed  out  that  in  some  places  the  fissures,  instewl  of  liavii 
become  filled    with   ordinary   veinstone,  contain  only  clay  slat 
traversed  by  numerous  small  branches.     In  the  clay  slate 
small  veins  consist  of  quartz,  but  when  the  wall  rock  is  com] 
of  porphyry  they  are  filled  principally  with  galena.     In  the  ye 
1879  Neudorf  produced  1,414  tonnes  of  lead  ore  of  the  value  of 
£7.417. 

The  Rammelsberg'  is  a  mountain  on  the  northern  border 
of  the  Harz,  nearly  two  English  miles  south  of  the  town 
Guslar,  of  which  the  summit  is  2,076  feet  above  'the 
level.  The  rock  consists  of  three  members  of  the  Devonia 
formation,  namely,  the  Goslar  slate,  formerly  called  WiBsenbach 
slate  by  F.  A.  Rimer,  the  Calceola  slate,  and  the  Spirifer  sand- 
stone. These  rocks  lie  above  one  another  in  reversed  order,  so 
that  the  Spirifer  sandstone  forms  the  siimmit  of  the  mountain ; 
beneath  this  comes  the  Calceola  slate,  and  lastly  the  Gosiar  slate. 
The  characteristic  cleavage  of  the  Gosiar  slate  is  not  usually 
met  with  at  the  Rainmelsberg,  as  the  cleavage  and  stratification 
coincide  ;  the  interstratified  limestone  and  quartzite  being  parallel^H 
with  the  strata  containing  fossils.  When  the  plane  of  stratifica-^^l 
tioii  of  the  slate  has  a  dip  greater  or  less  than  45°,  traces  of 


der^^ 
liai^ 


'  Credner,  "  Geogn.  Verbaltn.  TUuring.  o.  d.  H»r»,"  1843,  p.  128.  Zinkea, 
Leonhard'M  Jahrbueh,  1850,  p.  692.  B.  t.  Cetta,  *'  Die  Lehre  voa  der  Ertlnger- 
■tttt«n,"  vol.  ii.  p.  8P. 

*  F.  Wiminor,  Zcit.-fhr.  Ber<j.  Ban.  SaUiunic.  voL  xxv.  1877,  p.  IIJ. 
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ivage  may  be  again  remarked,  particularly  to  tho  north-west 

the  Winterthal. 

The  Rammclsberg  ore  deposit  consists  of  an  aggregation  of 
-fgular  lenticular  masses  of  ore  of  varying  dimensions,  its  greatest 
Ix tension  in  the  direction  of  the  strike  being  655  fathoms,  and  its 
isiial  thickness  from  45  to  60  feet,  which  sometimes,  where  the 
»Te  niJiss  separates  into  two  branches,  extends  to  above  ninety  feet. 
[Like  the  country  rock  it  has  a  strike  towards  east-north-east 
and  we5t-south-west,  with  a  dip  45°  south-east  following  all  its 
contortions.  The  Rammelsberg  ore  deposit  is  consequently  a  true 
bed.  and  an  independent  member  of  the  Goslur  slates. 

Fig.  64',  representing  a  transverse  section  across  the  Rauimels- 
berg,  and  Fig.  65,  a  section  on  a  larger  scale  across  the  ore  betl, 
will  8er\"e  to  show  the  mode  of  occurrence  of  the  ores  in  this 
mine, 


Mt»if3>*T§ 
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Tliia  deposit  was  reganled  by  Delius  (1770)  as  a  stockwork, 
and  was  described  by  Lasius  (1780)  as  being  neither  lode,  stock, 
nor  stockwork,  but  as  a  "rhoniboidal  parallclopiptdun  of  ore." 
Biihmer  (1793)  calle<l  it  an  Erzflotz  or  ore  seam,  and  the  branch  ho 
considered  a  true  lode.  Reichetzer  (1821)  calls  it  a  stchcndcr  Stock  ; 
B.  V.  Cotta  calls  it  a  lirtfcndrr  StocJi-.  or  recumbent  segregation, 
while  Gatterer  and  Hausnmnn  regauled  it  as  a  bed. 

This  bed  is  composed  of  lenticular  aggregations  of  pyrites, 
which  consist  of  compact  masses  of 

1.  Galena  with  blende  and  iron  pyrites. 

2.  Galena  with  heavy  spar. 

3.  Copper  and  iron  iJ}Tites. 


The  minerals  of  tho  Rammelsberg  ore  bed  may  be  divided 
into  three  classes  ; ' — 

F.  Ulrich,  "  Die  MincmlTorkomnmiiiie  in  der  Unagcgend  von  Goolar,"  1860. 


a.  Minerals  which  originally  formed  the  bed. 

b.  Minerals  which  occur  in  fissures  and  veins  id  tlie  ore-ra&si. 

c.  Minerals  which  have  been  formed  by  the  decomposition  oil 
the  two  preceding. 

a. — Of  this  clais  the  prevailing  constituent  is  iron  pyriu 
Copper  pyrites,  always  mixed  with  iron  pyrites,  and  sometimes  wit 
fahlerz  is  also  present.  Galena  occurs  in  a  compact  form,  but  whe 
mixed  with  pyrites  it  constitutes  the  so-called  mdirtcn  Erzf, ;  whe 
in  association  with  blende,  iron  pyrites,  and  heavy  spar,  it  fo 
load  ore  proper,  which  is  called  "  brown  ore  "  or  "  grey  ore,"  according 


Fic.  05. — SectUiD  am<S5Uii'  ore  bid,  Raiiiutelaberv- 

as  blende  or  heavy  spar  predominates.     Blende  occurs  in  com- 
pact masses,  as  does  also  heavy  spar ;  quartz  is  exceedingly  rare. 

h, — In  class  h,  copper  pyrites  is  fotmd   in  beautiful  crysta 
crystallised  fahlerz  and  galena  also  occur ;  while  the  blonde 
usually  compact.     The  heavy  spar  is  ciystallizcd,  and  filling 
fissures   are  found   calcite,   calamine,  gvpsum,  spathic  iron   or 
and  quartz, 

c. — A   number  of  interesting  secondary  minerals  are  being 
formed  in  the  ancient  workings  of  the  Rammelsberg  Mine  by  th^H 
decomposition  of  the  original  ores.     Among  these  sulphate  of  iron, 
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rarely  crystallized  but  often  in  a  stalactitic  form,  i3  of  frequent 
occurrence,  as  are  also  botryogen,  roeraerite,  voltaite,  copiapitc, 
and  vitriol  ochre.  Sulphates  of  copper^  zinc,  and  calcium,  ore  also 
present,  as  is  also  huir-mlt,  a  tuaguesiaxi  aluminium  sulphate 
ooDtaining  sulphates  of  zinc  and  iron. 

Professor  G.  Kohler  ^  of  Clausthal  has  brought  forwjird 
additional  evidence  of  the  correctness  of  the  view  that  the 
Rammelsberg  deposit  is  a  true  ore  bed,  and  an  independent 
member  of  the  Goslar-slate  series,  and  in  bis  paper  on  this  sub- 
ject gives  drawings  of  a  number  of  specimens  uf  the  ores,  showing 
that  all  the  contortions  of  the  surn>uu(liug  rocks  are  shared  by 
the  ore  bed  itself. 

Accortling  to  official  returns  the  production  of  the  principal 
mines  of  the  Harz,  during  the  year  1881,  was  as  follows :  ^ — 


JHbmu 

Leftd  On<>. 

Copper  Orel. 

ZInu  0(«i. 

Weight. 

Vilne. 

WtlBht. 

Vmlae. 

WBlgbt. 

V»lllO. 

Clsnsthal    . 
Laatenthal     .    . 
Silbernwd       .    . 
St.  Andreasherg 
RamroeUlwrg     . 

TotolH   .   .   , 

Tonne* 

10,147  \ 

1.758  ( 

4,146  ( 

109) 

27,647 

£ 

200,752 
11,143 

TonniM. 
424 

19,365 

£ 
1,762 

28,087 

Tonnes. 

493 

6.288 

I  18,435 

43,707 

211,SS5 

19,789 

29,839 

6,731 

16,436 

In  addition  to  the  above  Andreasberg  produced,  during  the 
year  1881,  122  tonnes  of  silver  ore  of  the  value  of  £,T,l)in. 

Inclusive  of  cupriferous  lead  ores^  and  iron  pyrites,  the  production 
of  Rammelsberg  in  1881  amounted  to  46,990  tonnes. 

Mining  was  commenced  in  the  county  of  Mansfeld,^  on  t!ie 
southern  declivity  of  the  Harz^  in  the  year  1199,  and  has,  with 
but  little  interruption,  continued  flourishing  up  to  the  present 
time.  In  the  fiftt'cnth  century  about  1,000  tonnes  of  copper  were 
annually  produced,  but,  during  the  sixteenth,  mining  was  for  some 


'  "  Die  .'^tdronRen  im  Raramplsberger  Erzlnger  bei  Goslar,"  Zeiftrhr,  Beni.  Utitt. 
SaJitunu<.,  vol.  XIX.  1882,  pp.  31  nnd  278. 

'  Ibid.  vol.  XXX.  1882,  pp.  175,  188.  IM.  vol.  xvii.  1869,  p.  259.  77«>/, 
yol.  xii.  1871,  p.  204. 

•  "  Dcr  Kupfer»cliifjferbfrgl>au  und  <Ier  HiitUnbctiiib  nir  Vembcitutig  dcr 
gcwonnrn  Mincrn,"  1881. 
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time  interrupted  by  the  Thirty  Years'  War,    Working  was,  howevei, 
resumed  in  1573  by  the  Elector  of  Saxony,  since  which  tUDOfi 
operations  were  continuously  carried   on  by  independent  coeo- 
panies.     In  1852  these  companies  were  all  consolidated  into  tl»fi 
"  Mansfelder    Kupferschieferbauende    Grewerkscbaft  "   (Compaxs*! 
for  working  the  Mansfeld  Copper  Schist),  which  now  produces* 
annually  about  11,000  tonnes  of  copper,  together  with  60  tonn^^s* 
of  silver,  and  affords  employment  to  nearly  11,000  miners.  ^ 

The  geological  constitution  of  the  copper-mining  district 
Mansfeld  is,  on  account  of  the  regularity  of  the  stratificatior 
exceedingly  simple,  and,  with  the  exception  of  melaphyre,  whici 
occurs  sparingly  in  the  Wipper  Valley  and  a  few  adjacent  locahtieB—^^^ 
the  whole  region  is  composed  entirely  of  stratified  rocks,  of  whicl*--*' 
the  Ecthlw/end':s  forms  the  lowest  member. 


Fia.  60.— Section  cf  tlie  straU,  TicOIuL 


Fig.  66,  representing  an  auticlinal  in  the  Tiefthal  district,  will 
convey  a  correct  idea  of  the  position  of  the  various  strata. 

The  Hothliegendes,  the  name  applied  by  the  miners  to  the  sand- 
stones and  conglomerates  forming  the  base  of  the  Mansfeld 
Kupferschitfer,  or  copper  schist,  sometimes  exceeds  500  fathoms 
in  thickness,  and  exhibits  many  characteristic  peculiarities  by 
means  of  which  it  is  easily  recognised.  This  formation  may  be 
divided  into  three  zones,  the  lower,  the  middle,  and  the  upper. 
The  lower  of  these  divisions  is  characterised  by  a  conglomerate 
of  waterworn  homstone  pebbles ;  the  second  by  various  beds  of 
carbonate  of  lime ;  and  the  third  by  a  sharp  angular  grit  much 
employed  as  a  material  for  millstones. 

The  Wcisslietjendes  may  be  considered  as  the  uppermost  bed 


■    of    tliti   Hfjih/icffcndcs,    for,  although    tins   stratum,    tour   ieot   six 

f    incli^s  in  thickness,  resombtes  to  some  extent  the  layer  above, 

f     jjarticularly    in    its    grejisb-white    culour,   in    the    presence    of 

cax-twnate  of  lime,  and  in  its  containing   in  its  upper  beds  ores 

of     "the  same   metala  as   the   limostonc   formation   above,  it  still 

refc^^ns     the     peculiar    sandstone     character    possessed    by    the 

As  a  rule,  the  Weissliojendes  lies  on  the  upper  clayey  beds  of 

th^    Bothlkcjendes  as  a  greyish-white  bed  rich  in  mica  and  lime, 

Afc:»«i>ve  this  follow  beds  of  sandstone,  which  possess  a  cementing 

me»-'*eiial  of  a  greyish-white  colour  rich  in  lime,  together  with,  in 

plea.'CCS,  beds  of  conglomerate  containing  fragments  of  quartz  and 

aiLi«eou3  slate.     The  upper  bet.1   of  this  sharply  divided   division 

bfe<:^oines,   through    the    disappearance   of    lime   as   a   cementing 

■i^».terial,  very  rich  in  quartz,  and  in  places  takes  the  appearance 

ot^        Lomstone. 

The  Zcclijilein  formation  at  Mansfeld  consists  of  two  principal 

di.'^'isions,  an  upper  and  a  lower.    Of  these  the  lower  comprehends 

t\.:ie  Kupftrsehufcrjlotz,  or  cupriferous  seam  ;  the  Dnch,  or  roof,  and 

tVk^>  Zechskin  proper;    while    the  upper    con.sists  of    the    Rauch- 

vt^acke,  RtinlLstein,  Stinkstcin,  and  Asche  with  gypsum  and  various 

c\aya. 

The  bituminous  marl  constituting  the  copper  schist,  or  copper 
shale,  lies  everywhere,  with  the  greatest  regularity^  on  the  Hvth- 
liegeiulfi,  so  that  it  can  be  followed  as  a  thin  black  baud;  indeed 
in  some  places,  such  as  at  the  southern  edge  of  tlie  Harz,  it 
even  stretches  beyond,  which  apjicars  the  more  remarkable  when 
its  small  thickness,  only  about  nineteen  inches,  is  tftken  into  con- 
sideration. The  bituminous  contents  of  the.  copper-bearing  bed, 
which,  however,  diminish  near  the  top,  are  more  characteristic 
tbau  even  its  metallic  contents,  as  bitumen  is  often  present 
when  copper  ore  is  absent,  or  occurs  only  in  quantities  too  small 
io  pay  the  expenses  of  sraeltiiig. 

Even  on  a  cursory  examinatiim,  without  taking  into  con- 
sideration the  greater  or  less  proportion  of  copper  present,  the 
copper  schist  is  readily  <livisibk'  into  several  rlistinct  layers.  The 
deposit  is  most  complete  in  all  its  members  in  the  Hettstedt 
and  Gerbstedt  districts ;  but  this  is  less  the  case  in  the  districts 
of  Eislebcn  ami  Sangerliausen. 

Tlie  different  layers  of  the  copper  schist  receive  from  the  miners 
the  following  names,  and  occur  in  the  following  order,  beginning 
at  the  bottom. 
_  a:  i        _ 


•- 

1                Bullous 

KAmiri»chaI<r. 
<;r<iU  Lctur. 

.  JTtt 

1. 

Ti-..-^ I  .<a. 

.      .•.:■■•>■■%' 

X.jbrr^r. 

f  Kiriiiiincliftlc. 
1  Schipfcrk-I-:  1  ,-.;.',  \ 

S-.  h:-:f>.-rko{'f. 

1.  I/M'.hhi-li.ii>-. 

!.  I»ohi:n.                        » 

Friur  (lyicLJ  L..tte. 

S<}iriiiji<.Lit:fer.        ' 
Erzachiefcr. 

The  first  divi.-iyii  c-msists  of  the  LUgcnilf  Schalt,  which  is  imt 
«vur}' whore  present,  attur  which  coincs  the  Zoc/i<  /i,  consisting  uf  a  soft 
clayey  be*l,  whicti  generally  lies  on,  ami  is  firmly  attached  to,  the 
layer  of  shale  lielow;  whilst  above  it  is  the  Loch»:hal(,  chiefly 
diutinguisheil  by  its  extremely  fine  lamination.  The  entire  lower 
division  is  at  the  most  from  2  to  2]  inches  in  tliickness. 

The  second  division  is  n>u<;h  coarser  than  the  first.  Tlie  Schuf-r- 
hjif,  wliicii  is  diviih'd  into  l.)Wer  and  ujijkt,  ha»  a  solid  homogt-ntvus 
A|)]iear;(n(.-i-,  whirli,  howevor,  it  lust.;s  in  the  Of>irh>ji/,  which  in 
coarMfr  ami  >liows  an  uneven  fractiire.  Tiiis  is  followed  by  a  thin 
layer,  the  h'"j)/'!^/iii/r,  whicli  sometimes  contains  .strinj^s  of  gy]isuiii, 
thou;;li  by  no  iiicins  with  the  same  regidarity  us  is  seen  in  the 
next  laytrr,  tlie  Kmiuiisihnlf. 

The  A'u iitiii.il/itilc  |)rrsents  a  very  eharaeteristic  appearance, 
and  is  everywliere  readily  recognis.'d)le.  It  is  traversed  by  fiun 
regular  threads  of  f^ypsum,  whitdi  gives  it  an  apjKiarance  wull 
deserilM'fl  by  the  miners  as  "  white-haired."  Tiio  entire  sccuwi 
division  (+,  ■"•,  and  <>)  reaches  a  thickness  of  only  four  inches. 

Mueli  coarstr,  but  .still  almost  always  with  a  distinct  cleavafje, 
is  tiie  Liii/i In  ,•</!■.  Tin-  erosd  fracture  is  perceptibly  greyer  and  jsik-r 
than  is  that  of  the  ]»re('eding  byers.  The  Lochht  rije,  being  seiKirati'il 
from  the  stral.-i  both  above  and  below  by  smooth  .schistose  surfari:', 
sej)iirat,es  in  a  layer  '1\  to  -4  inches  in  thickness,  and  is  often  u.'icJ 
as  a  building  stone. 

TIk'  Noliiriji-  is  a  still  finer  schist,  of  less  clearly  defined  textua', 
in  whi"^'^'  bitumen  is  K'ss  readily  disc«'nu'd. 
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Tlie  Ohcrherijf  is  grey,  and  already  exhibits  characteristics  very 
^uiil^r  to  those  of  the  layer  above  known  as  the  Dach ;  the  Noherge 
and  Olcrberffe  together  attain  a  thickness  of  from  6  to  8  inches. 

Tlae  lower  portion  of  the  serie.<j  is,  in  the  Ei.slebcn  ilistrict, 

aJways  known  as  the  Lette,  and  in  that  of  Sangerhausen  the  Jayers 

t>f     the  lower  division  are  usually  soft,  plastic,  and  greasy ;  when 

■firrxacr  they  often  contjiin  visible  grains  of  pitch.    The  Erzachiffcr,  so 

ca.U.«d  on  account  of  its  greater  metallic  contents,  is  not  everywhere 

present,  and  when  present  does  not  exceed  a  thickness  of  \  inch. 

The  Dach  exhibits  a  coarse  fracture  and  is  not  readily  fi-ssile, 

being  usually  a  greyish-white  compact  bed  of  marly  Hmestone  from 

6  to  14  inches  in  thickness,  which  on  exposure  to  the  air  becomes 

■jellowish-brown,    and,   on   weathering,   separates    into   polygonal 

fragments. 

The  Faule,  from  2  feet  6  inches  to  3  feet  in  thickness,  is  a 
dark-blue  solid  limestone  which  is  always  distinctly  marly. 

The  ZerJifUein  proper  is  a  dense  yellowish,  or  smoke-grey  lime- 
stone with  a  conchojdal  fracture,  and  is  the  most  regular  and  con- 
tinuous of  all  the  stratii  .iccompanyiug  the  Kupferschif.fer  seam. 
It  is  in  a  high  degree  suitable  for  building  purposes,  since  it  not 
only  occurs  in  regular  beds,  varying  from  4  to  12  inches  in  thick- 
ness, but  is  also  readily  divided  into  paralielopi pedal  blocks.  Flat 
lenticular  bodies  enclo.sing  a  dark  carbonaceous  ma.ss  as  a  kernel, 
probably  tlje  remains  of  some  organism,  are  peculiar  to  the  ZerJistein. 
The  upper  layers,  from  6  to  12  inches  thick,  are  porous,  the  pores 
being  of  a  yellow  colour.  This  bed  passes  into  the  next  of 
the  series  known  as  the  Hauchwacke,  Avhicli,  in  some  districts 
often  of  considerable  thickness,  is  in  the  Mansfeld  district  only 
from  18  inches  to  6  feet  thick,  and  lies  on  the  top  of  the  ZccJislein ; 
but  it  is  seldom  of  great  extent,  thinning  out  and  disappcaiing  and 
then  again  appearing.  It  p.asses  from  a  firm  <hirk-greyish  black 
dolomitic  limestone  to  a  yellowish-grey  or  yellow  raagnesian  marl. 
The  Unurhtcacle  is  often  traversed  by  small  fi.ssiires  filk'd  with 
calcite,  which  imparts  to  the  rock  the  appearance  of  a  breccia 
of  which  tlmt  mineral  is  the  cementing  material. 

The  Asilu,  which  consists  of  a  grey  earthy  or  sandy  dolomitic 
marl,  is  never  ab.sent  from  the  top  of  the  Z(chskin,h\\i  is  extremely 
variable  in  thickness,  and  is  often  much  intermixed  with  other  beds. 
The  i?"?^/"!^^,  which  is  never  absent  where  the  Ascht  is  present 
in  considerable  quantity,  forms  an  intermediate  link  between  the 
RaurhwiieJce  and  AscKe.  It  is  blackish-grey  in  colour,  and  resembles 
the  Rauchwacke  in  its  porous  structure  and  the  irregular  arrange' 


r.:.:.-.  'A  .-  •  '^.r.y  .r .  :-.v  I:  ..-  ..♦.a..^  :.:  .:^;  '.:^'t^':,1.^1  in  '.c.-,  A ■-•'.*. 
•^>.  .,■•.<.•'■  f>._  i:.::.  .'.^  i:  ■•■..>.:.'.  '.a.-'Ass.-^'.  .:.'.■;  •..-.^  A>>-ry,  ir].:':i.  xLi-.h 
,'  .f.'.'-f  ■:..:■/...'.  a.<  \t  ■/.  ^  ■.:.'..■:  4.»  t\.-.e^.  \ti*:  fUtHJ^it-.n.  ia  c;-,-^.t 
a. ..':■•;  •  .*r.  •.r.<:-y:  *.•■'.  r/y;*.  1'  \*.  'A  %  dArk-KT^j  ifAv^T  and  rLiri.v 
f..!--...':,  *.'.<•  f.iAf.' <  of ';>/>.,  ,T-,  f.^wfrT'ir,  tj*:ir^2  ir.  vrrty  varj injr 'iirie-?- 
M'.f.j;.  ','•.'.;'  V,  ■'.-.•,•<;:.'.->  .',•.*!  j.a-.ir.v  taicfrTi  piarr^  ia  «h<i  f^i*Li  irhi-ri 
;:f,;/:i.r  »/.  f.*-«:  Kf/k':fi  fi.<:  ftTar.:,rfi  &r>i  tPiU.^s  dUtTjrbed  ttt 
f'„,;»'i'<f,,     Tr.T  ji'y.-'i.uir  'ylowr 'if  th«:  ^'tinJ.^*in  is  attUTh'i  to  sfitw: 

'J  ri«:  fjlii"  '  Uy,  •Ahi';h  f  *rrrij«  ».h<:  r/,j«tn'«sfr.  lay*:r  of  tbe  forrnati-jn, 
ir.  olu-.i,  ihU-t*Xr:iUi\i-A  With  r'A  clay,  and  encloses  layers  of  <Sifini-- 
«//:««  uii'l  Jt'iiiJuilrin..  Til':  blue  clay  ^HiHSfOi  into  A.«ch.e,  becumiog 
(ii'if:  wih'ly  ill  »!''  'Join;;, 

(iyi>>.ijiii  and  anliydritc  (ilay  an  itniKirtant  j»art  in  the  Zechstein 
formal  ion  fHrncliatin^j  all  the  UycrH  down  to  the  Weisslu'ffejvies.aad 
vaiyiiijf  from  M':arc<:ly  viMihli;  tiw;cH  to  distinct  beds  of  greater  or 
li:-M  i.Uii-.l'.wnn;  almost  <;verywlif;re  where  deposits  of  this  mineral 
uKt  Inin-d  lliroii^li,  unliydriU;  is  found  somewhere  in  the  mass. 

TIk-  ni'-tallifV;r(»iiM  rontcntM  of  the  KupfernchUfer  seam  occur  as  a 
iiili-  ill  til'-  r<»riii  of  »S/y«iw,  that  is,  sprinkled  in  the  condition  of  veiy 
fincdiMl.  wiiirli,  on  n  tninMverws  fnurture,  causes  a  metallic  reflection 
ill  niiiili|dii.     It  hiiM  i-illH'r  a  jfoldcn  <-ol<jur,  from  the  presence  of 
•■"PI"''  I'.V''''* '"  |'i''l"iiiiiian1  qiiiuitiiy,  or  a  violet,  blue,  and  copper- 
mi  ciijour  I'lMiii  llii-  |iti-si!ii(«!  of  cnilxrHcite ;  more  rarely  the  colour  is 
ulril  j^iiy.  Imiii  <M)j)|M'r  <,flaiicc,  or  ^n^yish-yt-llow  from  iron  pyrites^ 
iiiiil,   rniiillv,  Hllln^tilll^s  bluish-grey,  from  the  presence  of  galena. 
AiilnMi;.',li   tin-  .S/k/.sc  priiu-ipally  consists  of  sulphuretted  ores  df 
«ii|i|ii'r,  tlii'ii"  jiImo  occur,  ill  jjrcater  or  less  (luantities  not  visible  to 
till'  I'Vi-,  .'iul|ilii<li'  of  silvtT,  blende,  galena,  iron  and  copper  pvrites, 
iu|i|H  r  hiekel  iiiul  arsenide  uf  eobalt,  lus  well  as  connHjunds  of  nian- 
).',iiiief<e,  innlybdeimm,  and  selenium;  oxidized  compounds  and  salts 
also  oecur  as  si'i-ondarv  |iroduets.     In  addition  to  the  *'?yviA'  small 
baud?,  and  lilainents  of  tl»«»  same  ores  likewise  ooour.  filliiijj  fissures 
jiaiallel    to  the    beddinj;  ;  the  jiresenee  of  these   is  not,  howevor, 
•.iiiriiienl  to  make  the  ore  ]>rotitable  for  smelting  when  SpH.-^  is 
abM'iit.      None  of  llu'  layers  of  the  KitpUTMhii'Ur  seam  an'  Ivirreu 
el   tuelal.  bul    it   is  eidy  in  a  tew  of  the  kinds  that   it  ocours  i:i 
v«Mkable  .juantities.   these   beiMg  invariably  the  lower  layers  up 
\  th«>  h  :■■:■:-  '.  \\  w  hioli  is,  as  a  nde.  the  limit  of  smobablo  eti'. 
At   lv»>'.ol>  n  tln>   /;■.',  tojjitlur  \\itb  the  A'ifvi.'KvV'.'r.  arv.  :i5 
fwhv  tb«"    p^AHluotue   beds,  and   with    these    is    as*<,X"iriTt-\i   tI:-.- 
!^w/<flt»f.  WJKviall)    en  tiie  ri.lc.  s   ai'.i   in  i1k»  Ik»1Iow$  of  :':.■. 
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geADi.  In  proportion  as  the  depth  increases,  however,  the  clay  or 
tbe  Kitmtnschalt  frequently  becomes  too  poor  for  smelting.  In 
the  Hettstedt  district  the  productive  slate  is  confined  mainly  to 
-the  Lochff%  and  Unierkopf,  the  Ohtrhopf  being  mostly  unproductive, 
^hile  Ikichbert/e,  worth  smelting,  occurs  but  rarely. 

The  term  Ildlz,  seam,  is  usually  applied  to  the  productive 
bed  only,  the  thickness  of  which  varies  from  2|  to  5  inches. 
With  this  restricted  height  it  is  of  course  necessary  to  remove 
»  portion  of  the  country  in  order  to  allow  room  for  working. 
As  the  floor  is  hard  the  roof  is  removed  to  such  an  extent  as  to 
allow  the  hewer  to  work  in  a  rotlining  position,  and  as  the  minor 
reclines  on  his  side  the  breadth  of  the  shoulders  is  the  minimum 
height  of  the  working  space  necessary.  The  most  suitable  height 
is  about  twenty-two  inches,  but  the  cupriferous  band  is  often 
worked  with  a  height  of  from  sixteen  to  eighteen  inches  only. 

In  some  places  there  occurs  below  the  Kupferschicfer,  on  the 
upper  part  of  the  Wnssliegendci,  a  deposit  known  as  Sandvne, 
"which  usually  appears  as  what  is  locally  known  as  gelhe  Trfssf, 
consisting  of  consolidated  grains  of  copper  pyrites  mixed  with 
sand.  Wherever  this  Tmse  appears,  it  assumes  the  form  of  a 
igolden  yellow  band  of  from  one-third  of  an  inch  to  one  inch.  The 
'up/crschic/er  of  the  Mansfeld  district  contains  on  an  average 
rom  two  to  three  per  cent,  of  copper  with  about  ten  jwunds  of 
ilver  to  the  tonne  of  copper,  whilst  the  Savihrzf  of  the  Sanger- 
lausen  district  reaches  as  high  as  five  per  cent,  of  copper  when  the 
>re  is  pyrites,  to  ten  per  cent  when  it  consists  of  erubescite,  the  silver 
in  this  ca.se  reaching  only  five  pounds  f)er  tonne  of  copper.  In  the 
northern  portion  of  the  district  the  schists  are  poorer  for  copper, 
yielding  scarcely  one  and  a  half  per  cent. 

The  following  analyses  give  the  composition  of  copper  schist 
during  the  second  quarter  of  1879 : — 
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Zinc,  lead,  manganese,  nickel,  and  cobalt  were  not  quantittrelf 
estimated. 

As  shown  in  Fig.  66,  the  Kupferschiefer  deposit  is  overiainbyft, .. 
well-known  Bunter  Sandstone,  which,  in  this  district,  consistei^nj 
slaty  clays,  red-coloured  sandstones  and  sandy  shales,  oolitic  bt^  ; 
and  thick  masses  of  gypsum.  Copper  schist  is  also  worked  ii 
Hesse,  and  at  Saalfeld  in  Thuringia.  Some  idea  of  the  imptstuti 
of  the  Mansfeld  metalliferous  deposits  may  be  gathered  from  tbt 
following  facts.  The  total  number  of  men  employed  at  the  end  of 
1881  in  all  departments,  mining,  transport,  smelting,  &&,  m 
13,087,  and,  taking  their-  families  into  consideration,  t^e  totil 
number  of  persons  dependent  on  the  working  of  the  KupJtnAk^ 
was  a  trifle  over  35,000. 

In  the  Mansfeld  district  the  following  quantities  of  copper  ichiri 
have  been  raised  since  1862: — 

Yeiir.  Tonnes. 

1862 61,971 

1865 91,028 

1868 135,284 

1871 170,580 

1874 192,847 

1877 269,482 

1878 299,601 

1879 320.320 

1880 394,650 

1881 436,048 

Besides  this  the  Sangerhausen  district,  belonging  to  the  Mans- 
feld Company,  produced  138,405  tonnes  of  copper  schist  during  tbe 
period  from  1862  to  1880  inclusive ;  or  an  average  of  7,284  tonnes 
per  annum. 

Sangerhausen  alone,  in  1880,  produced  10,933  tonnes. 
1881         „  9,367       „    1 

Altogether,  Sangerhausen  and  Mansfeld,  in  1880,  produced 
405,583  tonnes,  representing  a  value  of  £537,390 ;  and  in  1881, 
445,415  tonnes,  worth  £600,487.  In  the  year  1881  the  quantity  of 
silver  and  copper  obtained  ^  was  as  follows  : — 

Copper 10,999  tonnes. 

Silver 59,836  kilogr. 

>  Zritschr.  licrg.  HilU.  SaVnenw.,  vol.  xxx.  1882,  p.  183. 
'  Ihid.  vol.  XXX.  1882,  p.  226. 
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I  The  iron  ores  of  the  Harz,'  which  are  very  widely  distributed, 
iiefly  consist  of  hjeniatites  and  limonites,  although  both  magnetite 
lud  sjiathic  iron  ore  are  also  occasionally  met  with.  B.  v.  Cotta 
eiDArks  that  the  comparative  nirity  of  magnetite  may  probably  be 
xplaincd  by  the  absence  of  crystalline  schists,  since  it  is  principally 
I  sacb  rocks  that  deposits  of  iron  ores  have  become  changed  into 
lagnetite  by  the  nietamorphic  action  which  has  caused  the  alteration 
ffhp  rocks  themselves.  In  the  Harz,  as  in  numerous  other 
Bkies,  iron  ores  are  for  the  most  part  associated  with  igneous 
eks,  cither  being  enclosed  within  them,  or  forming  cont 
iposits  in  their  immediate  vicinity.  They  occur  usually,  but  noi 
kiversally,  in  connection  with  diabase,  and  are  found  in  the  fonn 
beds,  veins,  and  irregular  deposits. 

Many  of  the  masses  of  greenstone  penetrating  the  Silurian 
cka  of  the  £afit«m  Uarz,  near  Tilkerode,  contain  deposits  of 
^nialite,  which,  according  to  Zinken,  do  not  extend  into  the  sur- 
unding  clay  slates.  They  occur  either  a&  irregular  lodes  in  the 
ftbase,  or  form  deposits  between  it  and  the  neighbouring  slate, 
id  it  is  remarkable  that,  in  addition  to  iron  ores,  they  sometimes 
ntain  various  compounds  of  selenium,  such  as  clausthalite, 
tirbacbite,  and  tilkeroditc  associated  with  auriferous  palla(.Uum. 
5  is  usually  the  case,  when  spathic  iron  ore  is  present  it  has,  near 
,6  surface,  been  converted  into  limouitc.  Similar  deposits  occur  at 
Lbingerode,  Lehrbach,  and  Zorge  ;  while  on  the  Krokenstein,  near 
iuttenrode,  hasmatite  fonus  a  contact  deposit  between  limestone 
wl  clay  slate.  Little  appears  to  have  been  done  during  the  bust 
^beither  at  Tilkerode  or  at  Zorge,  while  at  Lehrbach  three  men 
^^were  employed.  During  the  year  1881  Elbingerode  pro- 
iced  4,600  tonnes  of  brown  iron  ore  and  2,173  tonnes  of  red 
ematite. 

The  manganese  deposits  of  the  Harz  are  almost  exclusively 
lufined  to  the  neighbourlu)od  of  Ilfeld,  where  they  occur  in 
jrphyrite  in  the  form  of  veins  varying  from  a  few  inches  to  nearly 
l^foet  in  width,  and  of  which  the  usual  strike  is  between 
^p*  W.  and  N.  30°  VV.  The  ores,  which  are  in  part  compact  and  in 
irt  crystalhzed,  consist  of  manganite,  pyrolusite,  varvicite,  braunite, 
Kusmannite,  psilomelane,  and  wad  ;  the  associated  matrix  consisting 
f  calc  spar,  heavy  spar,  brown  spar,  and,  sometimes,  carbonate  of 
langanese,  with  crystals  of  clac  spar  coloured  black  by  manganic 
These   lodes  are  invariably  accompanied  by  branches  in 

inken,  "  Der  oitlichc  Hare,"  rol.  i.  1826,  p.  136  ;   Credner,  "  Geogn.  Vorh. 
1.  des  HarzM,"  1843,  p.  127  ;  Kcrl,  Ikrg.  ufui  ElUtenm.  Ztit.  1853,  p.  148. 


ORE  DEPOSITS.  [rmii. 

which  ores  of  manganese  occur  in  a  compact  form  and  without  u^ 
wlmixture  of  matrix.      They  ure  seldom  productive  to  ;> 
(lopth  thau  about  six   fathoms,  although  iu  a  few  exception 
they  have  been  followeil  to  beyond  thirty  fathoms.    The  poqibjTite 
of  Ilfeld  is  in  some  places  traversed  by  lodes  of  iron  ore. 

During  tlie  year  18S I  the  Ilfcid  mines  produce<l  1+4  tonne*  o( 
manganese  ore  of  the  aggregate  value  of  £1,315.* 

The  TuvniNGiAN  Fohest.- — Iron  ore  waa  at  a  very  r.irlj 
period  worked  in  the  Thuringian  Forest,  iron  works  having'  W.u 
built  near  SaiJfeld  in  1071.  Gold  was  mined  at  Uoldisthal  in  pn?lii»- 
toric  times,  while  the  gold-washings  and  gold  mines  at  Reichniimiu- 
dorf  and  Steinimide,  near  Saalfeld,  were  flourishing  in  1201);  lliey 
were,  however,  abandoned  in  1430,  but  resumed  in  l<i33.  Th« 
Gute-Gottes  Mine  at  the  Petersberg,  from  157G  to  1580,  viehW 
about  seventy-five  p<3unds  of  fine  gold.  It  was  .abandoned  in  1GS5 
on  account  of  the  Thirty  Years'  War,  but  in  l(j92  was  resumed  hy 
foreign  miners  procured  by  Duke  Albrecht.  In  the  year  1700 
t]»ere  were  gold-waahings  on  the  Werraand  the  Ilz  near  Schwanen- 
hrunn  and  Schalkau,  but  they  do  not  apjiear  to  have  bccB 
Buocessful.  The  only  ores  at  present  obtained  in  this  region  are 
those  of  iron  and  manganese,  with  a  little  antimony  and  a  still 
smaller  quantity  of  copper  ore.  ^H 

Geologically,  the  Thuringian  forest  is  divided  into  two  portio^* 
of  very  unequal  areas.  The  south-eastern  part,  which  joins  th« 
plateau  of  the  Fichtelgebirge,  and  from  which  it  is  separated  by  no 
natunal  boundary,  consists,  principally,  of  Silurian  rocks  bouniled 
on  the  north  by  Permian  strata,  and  on  the  south-west  by  rocks 
of  Carboniferous,  Permian,  and  Triassic  age.  This  district  ii 
penetrated  by  but  few  masses  and  dykes  of  granite  or  oilier 
eruptive  Mcks,  and  is  by  no  means  rich  in  metalliferous  vdni 
The  north-western  portion  consists  of  a  small  mountain  ridge, 
of  which  the  geological  characteristics  are  much  varied.  H 
granite,  syenite,  gneias,  and  mica  .schists  appear  to  be  the  ol 
rocks  and  are  frer[uently  traversed  by  v.arious  poqihyries 
greenstones.  In  the  Silurian  rocks  of  the  south-ea.stem  district 
considerable  quantities  of  haematite  and  limouite  are  mined,  par- 
ticularly in  tlie  neifjlihoTirhood  of  Steinach  and  at  Scluniedeft-ld, 
near  Griifentha!,  where  a  bed  of  iron  nre  courses  parallel  to  the 
Btrike  of  the  enclosing  slates. 

»  ZfitMkr.  BtTfj,  nm.  SaJinfnu!.  vol.  xix.  188S,  p.  188. 

•  Kmc  von  Niddn,  A'arn/fnii  Arehie.  vol.  xi.  1838,  p.  13.     Crcdnfr,  "  Ge<^, 
Vorhfilt.  Thiiring.  n.  <1.  Ilnrz,"  1843,  p.  180. 
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At   Weitisberga,  near  Leliestcn,  in  the  vicinity  of  a  tnasa  of 

isive  granite,  are  several  lotl<?9  whidi  appear  to  occur  in  small 

of  greenstone  which  penetrate  the  slates,  but  are  not  found 

slates  themselves.     These  veins  contain  small  quantities 

galena,  blende,  and  copper  pj-rites,  intimately  intemiinErled  with 

igaTigxie  consisting,  principally,  of  calc  spar  and  honiblende. 

Tlie    small   intrusion  of  granite  which  comes  to  the  surface 

Jtween  various  masses  of  porphyry  near  Schrniedefekl  cootflins  at 

Krux  Mines,  west  of  the  village,  some  irregular  deposits  of  iron 

I ;  the  surrounding  rock,  which  is  homblendic  granite,  appears  to 

associated  with  a  sort  of  greenstone.     The  most  in)p)rtant  of 

deposits  is  that  known  as  the  Schwarze  Kru.x,  sometimes 

isisting  of  nearly  pure  magnetite,  but  occasionally  more  or  less 

with  quartz,  garnets,  iron  pyrites,  copjx-r  pyrites,  iiiispickel, 

jular  iron  ore,  and  tluor  spar.     The  Itothe  and  the  Gelbe  Krux, 

the  Sciiwarze  Krux,  contain  somewhat  similar  deposits,  which 

insist  partly  of  hcematite  and  partly  of  magnetite,  often,  however, 

Huch  mixed  with  iron  pyrites. 

The  quartz-porphyry,  as  well  as  the  mica-traps  and  inelaphyres, 
the  Thuringian  Forest  is  sometimes  traversed  by  veins  of  oxide 
manganese,  whose  strike  is  usually  parallel  to  the  trend  of  the 
itMintain  ridges.  These  lodes,  which  exceptionally  penetrate  the 
ranite,  consist  of  pyrolusite  and  psilomelane  associated  with  calc 
and  heavy  spar ;  with  these  are  found  wad,  hausmaunite, 
^raunite,  and,  more  rarely,  manganite.  The  principal  veins  yield- 
ores  of  manganese  occur  in  the  Rumpelaberg  and  Mittelberg, 
Elgershurg,  where  they  usually  occur  witlioiit  any  considerable 
^mixture  of  gangue.  They  are,  however,  sometimes  associated 
ith  tabular  heavy  sparer  calc  spar,  and  the  lodes  not  unfrequently 
iclose  large  horses  of  the  rock  in  wliicli  they  occur.  When 
pyrolusite  is  present  in  a  pure  state,  it  usually  forms  b.tinilB  parallel 
to  the  walls  of  the  vein  fissxire  with  its  crystals  all  directed  towards 
tl»e  centre  of  the  lode.  The  other  ores  of  manganese  are  found  in 
Brregular  patches,  between  the  masses  of  country  rook  and  clay,  by 
^Rrhich  the  lode  fissures  are  partly  filled.  A  few  of  the  most 
iniportfl,nt  of  these  lodes  attain  a  width  of  fifteen  feet,  while  others 
can  only  be  traced  as  mere  lines.  Their  extreme  dejrth  hus  never 
sen  attained,  although  the  workings  on  some  of  them  have 
sen  carried  fifty  fathoms  below  the  surface.  The  analogous 
Jeposits  of  pjTolusite  in  the  neighbourhood  of  Ilmenau  and 
rriedrichsroda  arc  of  less  imjwrtance. 

A  dark-coloured  slate  which  overlies  the  granite  'ite 


near  Stilil,  is  of   Carbonilerous  age,  and  cuntains  thin  laycn 
antbracite,   togetlier    with    impressions   of    ferns   and    stigUK 
One  of  the  beds  of  tliis  formation  of  a  more  than  usuallri 
tint  contains  lenticular  or  ellipsoidal  masses,  varying  from  one  i^ 
to  six  inches  in  diameter,  containing  various  metalliferous 
These  are  arranged  in  concentric  layers  around  a  kernel 
consbting  of  spbasrosidorite,  although  this  is  sometinioii  replaeejl 
a  fragment  of  black  crvstallinc  limestone.     The  kernel  is  oso 
surroimded  by  layers  of  coppor  pyrites,  tetrahedrite,  native  n)| 
and  a  silvery  wiiite  mineral  (probably  mispickelj  which  cryj 
in  fine  needles  and  contains  a  large  percentage  of  silver.    A I 
of  reddish-brown  spar,  containing  but  slight  indications  of ' 
presence   of  nietaLs,  surrounds   the   minerals   above   enumeri 
and  over  this  follow  alternating  bands  of  iron  pyrites,  mijpid 
and  argillaceous   shale.     These   ellipsoidal    masses  are  rarely] 
perfect  as  to  exhibit  in  any  one  specimen  the  whole  of  the  Uji 
mentioned,  and  this  deposit  may  be  regarded  as  possessing 
geological  interest  than  economic  value. 

In  addition  to  iron  ores,  the  ZechMtin  of  the  Tlnirintjian  Fu 
contains  Kitp/erschic/er,  with  veins  containing  ores  «if  tsilvfr 
cobalt.  The  most  important  iron  deposits  of  the  ZtchMein 
in  tlie  neigh bourhoo<l  of  Herges,  and  are  worked  in  the  St&hlh 
Moramel,  and  various  other  mines.  That  they  originally  conai 
spathic  iron  ore  there  can  be  little  doubt,  but  they  have  now  I 
chiefly  converted  into  limonit*:;.  Although  their  form  is  irrcj 
thoy  have  a  general  south-east  and  north-west  strike  and  aj 
be  frequently  connected  with  one  anotlier,  but  are  entirely  confi 
to  the  ZerJistein.  The  straU  of  the  Zechstein  and  Bunfex  S 
stone  formations  are  much  dislocated,  and  intrusions  of  granite) 
other  eruptive  rocks  are  of  frequent  occurrence.  Kuji/ci 
and  WtiaUitgvndts  appear  to  be  wanting  in  the  noighbourfa 
Herges. 

In  1879  the  Thuringian  Forest  pro<luced  18,080  tonnes  of ! 
ores  value  £5.914;  1,273  tonnes  of  manganese  ores  value  SAX 
41  tonnes  of  antimony  ores  value  £746  ;  and  10  Umnes  of 
ores  value  £8.' 

Thk  Erzgkbirge. — This   mountainous   r  i  .ij 

elevated  plateau  rising  on  an  average  from 
above  the  level  of  the  sea,  with   a  gentle  i 
towards  Saxony  and  a  more  precipitous  il--^'' 
direction  towanls  Bohemia.     The  prodoini; 

^  Berg  itnd  HUUm  Kalmdar,  EaMn,  18K-.>   T' 
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gneiss  and  mica  sdustswiiicitjfaHaBdfttke] 

into  Don-fossilifenKis  d^  dato. 
These  stratified  rocks   have   been 
and   djkes  of  granite^  a*  ««B  as 
gramtic   and   syenitic   parphTij, 
iQStones,  are  likewise  of  frwjueni 
re  forms  small  conical  kills  or  «f|ma»  m  ^be 
lie  siliceous  slates,  eorered  £ar  tbe  aoit  part  by  n 
and  Femiian  age.  oocor  ock   tbe  xMxtk-wei 
« ore  deposits  of  the  EngAaga  «aaat  i  i  iliia  i^ 

and  in  igneous  ro(^  and  aMtoagh  v«rf  ■bbomb  ik^  i 
exceptionally  rich.     They  oontaza  anm  of  dver,  lead. 
T,  tin,  ooUalt,  nickel,  hiswinth^  antuaat^.  araeakv  inm, 
migaoefle,  with  oocasaoDal  tiaeei  t^gtM  aad 
The  veins  of  silver  and  lead  cnm,  vUeb  all 
res  of  copper,  are  for  the  most  part  fMfifrf  te  a : 
fa  a  Durth-easterly  and  soath-westerij  ifirectiaB  over  the 
^e  mountains  from  Meissen,  throagh  Frdbo^ '. 
olkeostein,  Manenbeig,  and  Annaberg.  to  Jc 
The  tin-ore   districts,  which  contain  the  oldest 
iposite  of  this  region,  are  found  in  groups  wfaidi  extend 

Et  of  tlie  mountains,  where  they  form  lodes,  im| 
itoe  deposits.     Veins  of  cobalt  and  nickel  ores.  CteqweatJjy  > 
ing  bismuth,   silver,  lead,  ami  copper,  oecnr  ebieflj  in 
eighboarhood  of  Schneeberg,  but  ores  of  cobalt  and  nk^d 
kewise  found  in  the  silver  lodes  of  Freibexg,  Maiienbetg, 
ftachiinsthal.     Lodes  of  haematite  and  limonite,  frequently 
fitiing  manganese,  He  chiefly  within  a  zone  corresponding  to  the  < 
jpt  of  the  mountains,  but  deposits  of  magnetite,  associated  with 
er  greenstones,  are  distributed  in  groups 

Traces  of  cimiabar  occur  in  the  clay  slates 
»tein.  and  ores  of  antimony,  arsenic,  and  zinc,  are  found  ii 
"^lough  occasionally  found  in  minute 
'i'lilly  sought  after. 
ing  oj>-  were  first  carried  on  at  Frei- 

!»j  transix>rting   salt  from 
"«g   discovered  pieces  of 
>   the  Harz.     This   accidenti 
•at  is  uow  called  Freiberg, 

t<ittfn."  2ml  e«J.  rol.  ii.  p.  4.    If,  fj^ 

■IniiJj,'  von  LagiTstitten  nut 
jti^^'s  Berg.  imJ  Uuittn* 


1,  2,  and  3,  would  appear  to  be  very  slight;  if  not  evea  soniewlii 
variable.  There  cau  be  no  doubt,  however,  that  the  barytic  t'or^ 
matioQ  is  the  most  recent.  In  addition  to  the  foregoing  the  so-called 
copper  Ibrmiitiou  must  not  be  uiuitted,  although  it  can  only  be. 
regiirded  us  a  moditiaitioa  of  the  pyritic  lead  formation  in  which 
toi>ix'r  ores  hapjjeu  locally  to  predominate.  ■ 

1. — The  lodes  of  the  Noble  Quartz  Fonuatiun  consist  principally 
<if  wlute  quartz  or  hornstoue,  containing  numerous  fitiginents  of 
country  rock,  from  which  the  quartz  frequently  radiates  as  from 
centre.     The  ores  usually  occur  in  geodes  only,  although,  more* 
rarely,  they  are    found    disseminated    throughout  the   veinstone.^ 
They  consist  of  very  rich  argentiferous  minerals  such  as  nativ^ 
silver,  argentite,  pyrargyrite,  argentiferous  mispickcl,  tetraliedrite,' 
miurg}Tite,  stephauite,  and  pulybasite.     Blende,  galena,  aud  iron 
pyrites   occur   in   very   small  quantities,   as  do  also   some   otlu 
minerals,  such  as  calc  spar,  brown  spar,  heavy  spar,  and  fluor  spa* 
wluch  crystallize  in  drusy  cavities.     In  addition  to  the  foregoing 
the  following  minerals  are  mentioned  by  v.  Cotta  as  occurring  in  lodes 
belonging  to  this  formation,  namely: — Gypsum,  strontianite,  pearl 
spar,  diallogite,  cerus.-jite,  metaxite,  hypw-hluritc,  antimony  ochre, 
valeutinite,  geocronite,  boulaugerite,  zinckeuite,  atibnite,keruiesite 
heteromorphite,  berthierite,  bournouite,  copper  pyrites,   uiillerit€ 
pyrostilpuite,  limomte,  specular  iron  ore,  and  alabandite. 

Some  of  these  lodes  attain  a  width  of  seven  feet,  {ind  the  quartz, 
which  forms  the  principal  portion  of  the  gangue,  is  always  firmly 
united  to  the  country  rock.  Near  Briiunsdorf,  where  the  lodes  of 
this  class  are  most  characteristically  developed,  they  have  been 
found  workable  only  in  the  schwa7zt:n  Gelirge,  a  black,  bitumiuoua^ 
schist;  they  are  generally  barren  in  the  ordinary  mica  schistajH 
In  the  vicinity  of  Hockendoi-f,  on  the  contrary,  they  ai'e  not 
iinfrcquently  very  rich  in  the  grey  gneiss.  _ 

About  150  lodes  belonging  to  this  class  are  known  to  exist  iilH 
the  Freiberg  district,  among  which  the  following  maybe  cited  as 
being  the  most  characteristic.   The  Verlorenc-Hoffnuug  ami  Segen-^ 
Gottes  lodes  of  the  Neue-Hoffnung-Gottes  Mine  near  Bruunsdorf|H 
the  Peter  and  Neugliick  of  the  Alte-Hoifnung-Gottes  Mine   at 
KJeinvoigtsberg ;    the  Wolfgang  lode  of  the   Segen-Gottes   Mine 
near  Gersdorf ;  the  harder  branch  of  the  Reinsberg-Gllick  at  the 
Emanuel  Mine  at  Reiusberg,  the  softer  branch  of  that  double  Iwle 
belonging  to  the  pyritic  lead  formation  ;  the  Helmrich  vein  of  the 
Romanus  Mine  near  Siebeulehn  ;  and,  finally,  the  Gottlieb  Lode 
of  the  Gesegnete  Bergmanns  Hoffnuug  at  Obergnma. 
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2. — The  lodes  of  the  Pyritic  Lead  Formation  contain  variom 
mut^iUic  sulphides  enclosed  in  a  quartzosc  gangue ;  tLc  priDci|»| 
metalliferous  minerals  being  ai]gentiferous  galena,  blende,  iroa  and 
copper  pyi-itos,and  mispickcl.  In  some  cases  ores  of  copper  so  [n- 
p<jndenite  as  to  give  rise  to  what  has  been  called  the  copper  fonm. 
tion.  Rich  silver  ores,  calc  spar,  heavy  spar,  tluor  spar,  Ac, occur  ij 
very  subordinate  quantities  only,  ami  are  usually  found  in  the  fen 
of  crystals  lining  the  interior  of  drusy  cavities,  where  they  are 
evidently  a  more  recent  formation.  The  following  other  minenli 
mttny  of  them  of  secondary  origin,  have  been  found  in  lodes  belong 
ing  to  this  cla.ss.  Hornstone,  opal,  gypsum,  ccnissite,  pyrumurphite, 
malachite,  azurite,  tyrolite,  pharmacosiderite,  scorodite,  phanna- 
colite,  cobalt  bloom,  pitticite,  copptjras,  nacrite,  allophane,  cUorite, 
chrysocolhi,  scheelite,  atacamite,  stilpnosideritc,  lampadite,  mda- 
conite,  limonitc,  cuprite,  specular  iron  ore,  traces  of  cassiteriteii 
blende,  native  silver,  native  copper,  redruthite,  stromeyerite,  boor- 
nonite,  jKilybasite,  argentite,  freieslebcnite,  tetrahedritc,  tennaotite; 
erubcscite,  pyrargyrite,  and  marcasite.  The  outcrops  of  such  lodei 
are  often  much  decomposed,  and  exhibit  well-defined  and  abundant 
gossans.  This  formation  is  most  extensively  developed  to  the  nwdi- 
east  of  Freiberg,  several  lodes  belonging  to  this  class  being  worked 
in  the  Hiinnielfahrt  Mine.  Among  the  300  lodes  entnneratd  ky 
v.  Herder  as  belonging  to  this  formation  the  following  may  lie 
regarded  as  characteristic,  namely,  the  Frisch-Gluck,  Gottlb, 
Abraham,  and  Jung-David  lodes  of  the  Himmelfahrt  Mine;  tl» 
Laura  and  Abendstvrn  of  the  Neuer  Morgenstern  Mine  ;  the  Jung- 
Andreas  of  the  Kriinor  Mine,  and  the  Leander  of  the  Alt- 
Mordgrube. 

As  alrea<ly  stat<'d,  the  so-called  copper  lotles  are  increly « 
modification  of  the  pyritic  leail  formation,  containing,  in  association 
with  quartz,  various  cojtjxjr  ores,  such  as  copper  pyrites,  rednitliite, 
erubcscite,  tetrahedrit«.>,,  itc,  and,  as  jtroducts  of  decoinjKtfiti'D, 
malachite,  azurite,  cuprite,  tic.  The  Gottlob,  Fmnzcr,  arul 
Heinrich  lodes  of  the  Mi)rgenstem  Mines  are  cited  as  examiiksof 
this  nKxlifioation. 

3. — The  ]>rfdoniinating  gangue  of  tlie  lodes  ludonging  to  ih 
Noble  Lead  Fonnation  consists  jmnripally  of  various  carlwiiafts, 
es])ecially  brown  s]>ar  and  diallogit*;,  associated  with  quartz.  The 
most  important  ore  is  gali'na,  which  is  somewhat  richer  in  silver 
than  is  that  of  the  pn.'ceding  formation,  an<l  often  forms  the  middle 
layer  of  symmetrically  fonnt.-d  UkIcs  which,  in  addition,  coiit.iin 
blende  and  iron  pyrites.     These  are,  more  frequently  than  in  the 
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pyritic  lead  formation,  accoinpaiiie-d  by  rich  silver  ores  such  aa 
jpyr-argyrite,  argeiitite,  uative  silver,  stephanite,  &c.,  aiid  are 
liBBOciated  with  various  minerals  of  less  commercial  importance. 
jLmong  these  maybe  mentioned  hornstone,  opal, Hunr  spar, gypsum, 
heavy  spar,  calc  spar,  pearl  spsir,  spathic-  iron  ore,  cerussite,  pjro- 
naorphite,  nacritc,  cerargyrite,  limonite,  arsenioua  oxide,  specular 
irom  ore,  rutile,  pitch  blende,  arsenic,  polybasite,  acanthite,  freies- 
lel>enite,  tetrahedrite,  copper  pyrites,  mispickel,  and  realgar. 

Von  Herder  has  enumerated  about  340  veins  as  belonging  to 
tliis  formation,  which  are  found  chiuHy  in  the  neighbourliood  of 
Brand  and  Erbisdorf.  The  Traugott,  Cnrl,  Ludwig,  Hiilfe-Gottes, 
a«d  Gottholder  lodes  of  the  Beschert-Gluck  Mine,  aud  the  Felix  and 
13nvid  lodes  of  the  Himmelsfiirst,  are  charact«,'rized  by  the  presence 
of  diallogite  aud  brown  B])ar.  On  the  other  hand,  the  gaugiie  of 
the  following  lodes  is  more  largely  composed  of  quartz  or  semi-opal 
■with  proportionately  little  bro^vn  spar,  namely,  the  Segen-Gottes, 
Beujamin,  aud  Gesellschafts-F'reude  of  the  Eiuigkeit,  and  the 
Beschert-Gliick  of  the  Himinelsfiirst  Mine. 

4.^ — Heavy  spar   forms   the  predominating   and    characteristic 
veinstone  of  the  lodes  of  the  Barytic  Lea<l  Formation,  in  wliich  it 
is  symmetrically  arranged  in  parallel  layers  between  which  occur 
thin  bands  of  galena,  blende,  pyrites,  quartz,  and  llnor  spar.     The 
centre  of  the  lode  sometimes  contains  large  drusy  cavities  in  which 
occur  the  above-mentioned  minerals  associated  with  rich  silver  ores 
and  various  beautifully  crystallized  carbonates.     In  addition  to  the 
foregoing  characteristiu  minerals  the  lodes  belonging  to  this  class 
contain  the  following,  namely  ;  agate,  opal,  gypsum,  p.seudomorfili3 
after  apatite,  calc  spar,  pearl  spar,  brown  spar,  spathic  iron  ore, 
cerussite,  pyromorphite,  erythriue,  nacrite,  beryl,  chloropal,  eerargy- 
rite,  limonite,  specular  iron  ore,  pitchblende,  native  silver,  ar.«emc, 
bismuth,  clausthalite,  bournonite,  stephanite,  polybasite,  argentite, 
tetrahedrite,    copper    pyrites,   cobaltinc,   smaltine.    copper-nickel, 
millerite,    pyrostilpnite,   pyrargvrite,    and    realgar.      Portions    of 
these  lo<leB  are  not  uufrequenlly  found  to  have  become  brecciated 
through  the  repeated  opening  of  the  vein  fissure,  and  fragments  of 
comby  veinstone  which  have  thus  become  detacheil,  have  been  re- 
united in  positions  very  different  from  those  which  they  originally 
occupied.    A  concentric  banded  structure,  resulting  in  cockade  ores, 
is  by  no  means  unfrequent  in  these  lodes,  snme  of  which  are  as 
much  as  seven  feet  in  width.     Tlie  Halsbriicke  vein  may  be  re- 
garded as  the  finest  example  of  a  vein  belonging  to  this  formation. 
Yon  Herder  enumerates  about  130  veins  as  being  of  this  class. 
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The  lodes  beWwigjiig  to  tboM  imBTml  Sarmatioiis  do  im4,  W- 
ewer,  atwajs  exkifaii  any  cBrtinrt  or  duracteristic  peculiarities,  i 
m  aoiBe  cases  their  rianrnfimtinn  beeomes  extremely  difficalt, 
minenlsof  ooaqaiBtiTelyiveeat  age  are  afiea  found  aaaodated  i 
the  time  vans  withodiexB  heVwging  to  a  mocii  earlier 
This   maj  probaUj  be   explained   either  by  a  previous 
piete  fiUiBg  of   the  fisBiire,  or  by  its  baiiiig  been 
Te-opeaed. 

These  lodes,  vhicb  are  distributed  in  nearij  parallel  zones,  hav 
been  dasdfied  by  ▼.  Beost^  into  the  ionr  foUowing  groupB.  t^ 
aooocdance  with  the  direction  of  their  strike. 

a.  The  first  groap  omwists  of  a  number  of  lodes  whose 
is   from    north-east   to  sooth-west,  wi^  a  nearly   perpendicnli 
dip,  so  that  the  layers  of  gneisB,  which  are  almost  horizoiiul,  an 
cat  through  nearly  at  right  angles  to  their  bedding.     Tbcir  trei: 
stone   belmigs  partly  to   the  Noble  Leaii  Formation  and  partly* 
to  the  Pyritic  Lead  and  Copper  Formation. 

b.  The  strike  of  lodes  belonging  to  the  second  group  is 
from  north  to  south,  and  the  dip  is  much  less  considerable  tha 
that  of  the  lodes  above  described.  They  form  two  nearly  parallel 
hands,  the  one  south  of  Freiberg,  between  Striegis  and  the  Tliri?e 
Crosses,  and  the  other  between  the  town  of  Freiberg  and  the  RivcT 
Mulde.  The  matrix  of  the  more  southerly  group  belongs  princi- 
pally to  the  Noble  Lead  Formation,  while  that  of  the  other,  ou  the 
contrary,  belongs  to  the  Pyritic  Lead  Formation.  Both  of  these  in- 
tereect  group  a  at  acute  angles,  and  give  rise  to  a  local  enrichment 
of  the  ores. 

e.  A  third  principal  strike  bfrom  south-east  to  north-vrc-st ; 
lodes  coursing  in  this  direction  nearly  all  belong  to  the  Pyritic 
Formation,  and  are  scattered   over  a  considerable   area   between 
Langenau  and  Freiberg.      On  the  south-west  of  Freiberg  they  dip, 
for  the  most  part,  towards  the  south-west,  but  on  the  north-east  of 
that  town  their  dip,  although  almost  perpendicular,  is  towards 
north-east.    They  intersect  and  frequently  displace  the  groups  a  i 
b,  such  intersection  being  often  characterised  by  an  increase  in  the 
richness  of  the  ores. 

d.  The  fourth  group,  of  which  the  strike  is  north-east  and  soul 
west,  and  the  dip  north-west,  consists  of  lodes  belonging  to  the 
Noble  Quartz  Formation,  comprised  within  a  band,  fifteen  miles  in 
length  and  five  in  breadth,  extending  from  Nossen  and  Oedemn  t^ 
the  north-west  of  Freiberg.     Although  these  lodes  in  their  genci 
'  T.  B«ai)t,  Berff.  hk</  EiitUnm.  Zeitung,  1881,  p.  S77. 
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Brection   resemble  those   of  class  a,  they  have   a  very  different 
Matrix,  and  their  direction  is  somewhat  more  variable. 
H    In  addition  to  the  foregoing  predominating  directions  of  strike 
Hany   of  the  lodes  in   the  Freiberg   district  follow    intermediate 
^burses,  and  therefore  cannot  be  classified  under  either  of  the  pre- 
Bding  groups.     Isolated  veins  frequently  occur  towards  the  limit 
HTthe  mining  field,  especially  in  tht  neighbourhood  of  Frauenstein, 
Hmmelsdorf,  Hockendorf,  and  Dippoldiswalde.     Throughout   the 
Bhole  district  the  groand  in  the  vicinity  of  the  principal  lode- 
Hnctions  has  been  that  most  extensively  worked,     The  whole 
^B  the  lodes  in   the   district  around  Freiberg,  with  perhaps  the 
^■ception   of  those   belonging   to   the  Barytic    Lead   Formation, 
"^ipear  to  be  in  some  way  in  connection  with  the  dykes  of  quartz- 
porphyry  which  traverse  the  gneiss  of  this  region,  and  are  usually 
intersected  by  the  lodes.    Boulders  of  this  porphyry  are  found  in  the 
neighbouring  upper  RothUfgauJrs,  while  tuffs,  apparently  resulting 
from  eruptions  of  the  same  rock,  are  found  iu  the  lower  RiMiegendes 
the  same  district ;  it  is  therefore"  probablG  tliat  the  Freiberg  lodes 
elong,  as  a  whole,  to  the  iMriod  of  the  upper  Ruthlicgcndes. 

The  deepest  sinking  in  the  Freiberg  district  is  at  the  Abraham 
baft  at  the  Hininielfahrt  Mine,  which  is  297  fathoms  deep ;  the 
rerage  depth  of  the  other  shafts  being  about  165  fathoms. 

In  the  year  1881  the  Freiberg  district  producLd  27,594  tonnes 
'ore,  worth  £211,221.*  The  Himiuell'ahrt,  the  most  important  of 
ie  Freiberg  mines,  yielded  13.235  toiiiit'sof  silver,  lead,  and  copper 
38,  worth  £(J6,110.  The  Hiiiiinelstunst  Mine  at  Brand  produced 
6.613  tonnes  of  ore.  worth  £G1,164.  The  Verelnigt-Feld  Mine  at 
Brand  produced  1,323  tonnes  of  ore,  worth  £8,40G. 

Silver  ore  was  discovered  at  Sohiiecberg^  in  1410,  but   the 

tines  were  not  worked  until  1471,  when,  owing  to  rich  dis- 
iveries  having  been  made,  minors  flocked  in  great  numbers  from 
all  sidea  in  such  a  way  that  the  new  town  on  the  Schneeberg, 
in  the  course  of  a  few  years,  numbered  12,000  inhabitants.  The 
richest  mine  was  the  St.  George  which,  in  1477,  yielded  ore  from 
which  twenty  tonnes  of  silver  were  obtained.  The  yield  of  the 
Schneeberg  must,  in  the  first  thirty  years,  have  been  very  large, 
and  from  the  year  1471  to  1500  it  i.s  said  to  have  yielded  more 
than  160  tonnes  of  silver.  In  1482,  166  mines  were  at  work  uiiou 
■iie  Schneeberg,  and  the  ore  obtained  was  smelted  at  Zwickau. 

'  JnJirbuch/iir  dag  Berg  und  ffOtUntreti-n  xm  KSnigTeieh-e  Sachsen,  1883,  p.  19. 

•  H.  Miiller,  Colta'i  IJant).itudifn,  vol.  iii,  p.  1.  B.  v.  Cottn,  "  Die  LeLre  von  den 
Erxla^ntatten,"  vol.  ii.  p  46.  Jcihrbuth  fUr  dai  Berg  and  HiiUaiuMicn  im  KOnig- 
rriehf  Sach»en,  1883,  p.  C7. 
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The  yield  of  silver,  however,  rapidly  decreased  during  the  sixteen 
century,  and  the  production  is  now  insignificant.     On  the  otbi 
L&nd,  the  mining  of  cobalt  ores,  which  were  discovered  in  15(>1, 
still  continues  to  be  of  some  importance. 

The  Schneeberg  consists  of  large  masses  of  granite  surroundi 
by  mica  schists  and  clay  slates,.     The  lodes  usually  occur  in  these 
rocks,  but  are  more  rarely  found  in  granite,  their  strike  being  so 
variable  as  to  result  in  a  perfect  network  of  veins.     According  to 
their  composition  and  relative  ages  H.  Miiller  distinguislie<l  :— 
1.  Copper  ore  veins.     2.  Quartz  veins  destitute  of  ore.     3.  Pyritic 
lead  veins.     4.  Barytic  veins.    5.  Cobalt  veins.     6.  Iron  ore  veins. 
(1.)  The  copper  veins  strike  N.  15°  to  60°  E.,  dip  to  north-west, 
and  contain  quartz  with  copper  pyrites,  crubescite,  fahlerz.  Ac, 
and  sometimes  galena,  blende,  iron  pyrites,  and  arsenical  pyrites. 
(2.)  The  quartz  veins  strike  from  N.  60°  to  75°  E.,  dip  from  +5"  to 
80°  north-west,  and  very  rarely  contain  ores.     (3.)  The  pyritic  lead 
veins  strike  from  north-west  to  south-east,  and  dip  to  south-west : 
they  contain  quarts,  pyrites,  blende,  and  galena.      (4.)  The  barytic 
veins  yielded,  in  the  tifteenth  and  sixteenth  centuries,  astonishing 
riches  in  silver  ore.     They  strike  from  north  to  south,  dip  at  a 
considerable  angle,  and   contain  heavy  spar,  fluor  sjtar,  calc  spar, 
quartz,  silver,  lead,   cobalt,   nickel,  and   bismutli    ores.      (5.)  At 
Schneeberg  the  cobalt  veins  are  now  the  most  important.     ITiey 
are   nearly  150  in  number,  and  their  direction  is  very  various. 
These  veins  contain  quartJs,  homstuue,  with,  more  rarely,  calcite 
and    brown  spar,  also   cobaltine,   native    bismuth,   iron    pyrites, 
galena,  pyrargyrite,  native  silver,   and   various    other   minerals, 
some  of  which,  jMirticularly  ores  of  uranium,  are  rare.     (6  )  The 
iron  lodes  sometimes  attain  a  thickness  of  ninety  feet,  and  are 
filled  with  homstone,  quartz,  amethyst,  compact  haematite,  and 
brown  and  yellow  iron  ores.     The  veins  occur  on  the  borders  of 
the  granite  or  porphyry  and  the  crystalline  slates.     Similar  lodes 
occur  at    Marienberg,  Annaberg,  Joarhirasthal,  Johanngeorgen- 
stadt,  and  other   localities  in   the  Erzgebirge.      A.  v.  Groddeck 
considers  these  lodes  as  typical  examples  of  veins  which  contain 
cobalt  and   nickel   ore,   rich   silver  ores,   various  gangues,    ai 
numerous  subordinate  minerals. 

The  Schneeberg  mines  during  the  year  1S8I  produced  in 
the  aggregate  158  tonnes  of  nickel  and  cobalt  ores,  of  the 
total  value  of  X5,902,  together  with  1,315  tonnes  of  silver  ore, 
and  59  tonnes  of  bismuth  ore,  worth  £3,202  and  £16,9 
respectively. 
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Mining  waa  commencetl  at  Marienberg'  in  1521,  on  &  plateau 
of  gneiss  lying  between  the  Bockau,  the  Schlettenj  and  the 
Zschopau  rivnilets.  This  gneiss  is  traversed  by  veins  containing 
BJlver  and  tin  ores,  which  vary  in  width  from  two  to  thirty  inclies, 
and  which  traverse  one  another  in  such  a  way  ns  to  form  a  compli- 
cated network.  About  140  silver  veins  are  known  at  Marienberg, 
of  which  the  gangue  consists  of  decomposed  gneiss,  clay,  quartz, 
fluor  spar,  and  heavy  fipar,  which,  in  addition  to  various  ores  of 
silver,  contain  copper  ores,  galena,  blende,  and  ores  of  cobalt  and 
nickel  The  tin  veins,  which  were  formerly  worked  chiefly  in  the 
Marteniberg  and  Wildesberg,  are  essentially  composed  of  quartz 
and  clay  in  which  oxide  of  tin  is  sparingly  disseminated.  At  the 
end  of  the  seventeenth  century  about  twenty-five  tonnes  of  tin 
were  annually  produced  at  Marienberg  ;  in  the  middle  of  the  last 
century  the  annual  production  was  only  15  tonnes,  from  which 
time  up  to  1850,  when  operations  were  suspended,  the  production 
did  not  exceed  10  tonnes  per  annum.  No  tin  was  produced  in 
18H1,  but  111  tonnes  of  silver  ore,  worth  £7,649,  were  obtained 
from  the  Vater  Abraham  Mine  at  Marienberg. 

Near  Annaberg  the  gneiss  of  the  Pcihlberg  is  frequently 
broken  through  by  Iwisalt,  by  which  rock  in  some  phices  it  is  also 
overlain.  Several  silver  veins  occur  in  this  locality,  and  many  of 
them  have  been  extensively  worked.  Tiie  lodes,  of  which  the 
strike  is  nearly  east  and  west,  are  usually  only  a  few  inches  in 
thickness,  and  have  a  gangue  composed  of  quartz  and  fluor  spar, 
witli  occasionally  a  little  heavy  spar.  In  these  veins  are  found 
native  silver,  pyrargyrite,  and  argcntite,  together  with  ores  of 
cobalt,  nickel,  and  copper.  Numerous  remains  of  ancient  tin- 
streams  may  still  be  traced  in  the  wooded  district  south  of 
Annaberg. 

The  Schwarzenberg  district^  consists  chiefly  of  mica  schists 
through  which  protrude  various  masses  of  granite  which  are 
generally  surrounded  by  gneiss,  and  are  frequently  traversed 
by  greenstones  and  by  other  eruptive  rocks.  The  ore  deposits  of 
this  region,  now  of  comparatively  small  commercial  importance, 
consist  of  bed-like  veins  associated  with  greenstones,  and  con- 
taining small  quantities  of  many  different  ores,  and  of  various 
lodes  of  haematite. 


'  H.  Miiller,  CoUa's  Gangtttidiru,  vol.  Ui.  |).  2D0.  Jnhrlnich  fir  das  Berg  und 
HiUtenwfxtn  im  KSinigrtvJie  Sactimii,  1883,  p    34. 

*  Opfw,  CoUa'i  Oangatuditn,  toI.  u.  p.  132.  B.  t.  Cotta,  "Die  Lehre  von  den 
Frzlngrrstutten,"  2nd  eA.  vol.  ii.  p.  37.  Jahrbuch  fUr  das  Berg  %imd  EtHttnuatn, 
ISSS.  p.  67. 
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In  tho  uoighbourhood  of  Johanogeorgenstadt  and  Eibenstoek 
thero  ar»?  numorous  veins  and  branches,  chiefly  in  the  granite,  coa— 
taining  irvni  ores  with  a  little   oxide   of  tin,  while  in  the  mics^ 
schist  of  tho  F:istenborg  there  are  veins  containing  silver  an<J 
oolvilt.     Tho  strike  of  the  tin  Lxles  is  verv  variable  and  their  dip 
in  ovorv  way  irregular :  their  Ailing  closely  resembles  granite,  aarf 
tin  ore.  when  pn.»sent.  generally  occurs   either  in  pockets  or  in 
ribK^ns.     lu  ad^Uti.^n  to  ores  of  iron  and  tin  these  veins  contain 
many  snlvrvliuAte  minerals,  including  wolfram  and  molybdenite, 
with  vxv;\sioiuHy  g.\lena  and  native  gold.     In  the  vicinity  of  metal- 
liiervnis  gTwnstoites  the  veins  of  this  district  contain  ores  of  silrer, 
oolvi'.t.  a:;d  b:s:r.\:th. 

The  l-.sios  i^r^viaoing  iron  ores  sometimes  occar  singly,  but  are 
at  others  as*A"l;«:evi  in  grrcps.  one  cf  the  most  important  of 
whioV.  •.ntcrse-o:*  the  u;r.i«  <-i  graiiite  a  little  east  of  the  town  of 
K:beas:.vk  T::cy  also  tri-jj-iestly  xvur  as  -v-uta .'t  depir^sits between 
gr,vv.;:o  rir..;  :v.:j;i  Sv:r.:s:.ari.i  are  sirre  ti-iii:er:-U5  in  the  granite  than 
:v.  :";u-  '.i::<:r  r.vk.  wr.::h  they.  Lr-wrver.  srsietinies  follow  along  its 
'.;:■.;"  .■:  s:~kt"  As  >■.: ;«.  ri;:iA:e  z:::z-rr,\Is  "brse  veiiia  c>;>ntain  various 
v"r:"s  .:"  .-■  v'.v:  Av.i  ::sr.".-:":i.  sr.i  :-  1>?4  Scdzis  of  az^thraczte.  K-me- 
t:".v.is  AS  ;v.v.."r.  .isr-vc  ::i:r.-:s  :~  *i.::iT:-r*5.  w^r>i  :;•:l:^i  -rxiesriinz for 
.'.  .■.•.>:.■.•.•..■•:     :  ".■.•:at."  ;r*~  :'■.•:*  ir.  j  .:ct  ;:'  z^z:.i'.i'.-i  jt  tlr  Ij:z~zz 
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iBtockwork  is  a  jjeculiar  mass  of  granite  continuing  to  an  unknown 

[ileptL,   surrounded    by   quartz-porphyry,   granitic   porphyry,    and 

ite.     Tlie  technically  important   part  of  the   deposit  is  the 

Tiriiter    or   stockwork-porphyry   which    is    a   dark-coloured    rock 

|coDsi$tiug  of  quartz,  mica,  and  finely  divided  tinstone  ;  in  addition 

ito  these,  arsenical  pyrites,  copper  pyrites,  iron  pyrites,  iron  glance, 

{"Wolfram,  native  bismuth,  fluor  spar,  and  other  rarer  minerals  are 

fuund    in    veins.      As    there    is    neither   a   felsilic   groiiud-mass, 

nor  are   any   laxge  crystals  separated  out,  the   name  Stockwerks- 

forphyr  used  by  the  miners  is  petrographicaily  unsuitable,  and  the 

Ilianie  ZieiUer  (tin  stufij  is  to  be  preferred,    This  rock  is  said  to  yield 

from  5  to  J  per  cent,  of  tin  ore,  and  is  traversed  in  all  directions 

I  by  quartz  veins,  which  contain,  in  addition  to  the  minerals  of  the 

VZwUter,  molybdenite,  bismuth  glance,  &c.     They  also  contain  red 

clays,  quartz,  and  a  little  tin  ore.     The  wall  rock,  whether  consist- 

■^ing   of  granite,  syenite,  porphyry,   or   other   material,  is   always 

stanniferous.     These   veins,   often   reaching   a  thickness  of  four 

inches,  dip  at  a  great  angle,  and  form  groups  which  traverse  the 

'stockwork  and  reach  the  adjacent  porphyries  and  granites,  where 

they  are  worked  as  isolated  lodes, 

I        The  production  of  the  Altenberg  and  Zinnwald  districts  in  1880 

amounted  in  value  to  £17,000.     This  included  tin  ore  to  the  value 

of  £9,105  from  two  mines  at  Altenberg,  and  tin  ore  worth  £53 

from  a  mine  at  Zinnwald;  the  remainder  principally  consisted  of 

liron  ores. 

Geyer  and  Ehrenfriedersdorf  in  Saxony,  with  Flatten  in  Bohemia, 
constitute  the  second  tin  district  of  centtid  Europe,  Tin  ores  here 
occur  not  only  in  granite,  but  also  in  fissures  in  the  adjacent  slates. 
The  stockwork  of  Geyer  resembles  that  of  Altenberg,  being  an 
irregular  conical  ma«s  of  granite  with  an  ellipsoidal  base,  enclosed 
in  gneiss  and  mica  schists.  In  the  granite  there  are  innumerable 
veins,  varying  from  |  inch  to  4  inches  in  thickne-ss,  which  form 
nineteen  distinct  groups  stnking  N,  45°  to  60°  E.  and  dipping 
,fxova  70°  to  80"  towards  the  north-west.  They  continue  into  the 
djacent  gneiss  and  mica  schists,  with  the  same  strike  and  dip. 
The  veins  contain  principally  quartz,  with  tinstone,  arsenical 
^^)yrites,  beryl,  topaz,  ai)atile,  and  fluor  spar.  Man^a  *  has  cal- 
^Bnilated  that  the  Geyer  mines  produced,  during  the  period  from 
^n-^OO  to  1778,  6,730  tonnes  of  metallic  tin.  No  tin  ore  was 
Pftaised  at  Geyer  in  1880,  Ehrenfriedersdorf  produced,  during  the 
period  from  1490  to  1497,  from  60  to  90  tonnes  of  tin  per 
I^K  '  Man^  Ann.  dta  Miwn,  1824,  p.  288. 
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tmnum,  and,  from  1507  to  1520,  50  to  60  tonnes  were  annually 
produced.  In  1695,  68  tonnes  were  produced,  and  at  the  begin- 
ning of  the  last  century  from  180  to  200  tonnes  of  tin  wure  annually 
raised  ;  in  1770  the  yield  was  only  60  tonnes.  At  the  end  uf  the 
eighteenth  century  tlie  production  decreased  to  25  tonnes,  ami 
continued  between  10  and  20  tonnes  until  the  mine  was  clceul 
in  1870. 

The    production    of    iron    ores  in    the    Erzgebirge    is   very 
small.^      During  the  year  1881,  the  Neue  SUberhoffnung  Mine 
at  Schwarzenberg  produced  1.380  tonnes  of  iron  ore  worth  £835, 
and  the  Rother  Adler  3,608   tonnes  of  iron  ore  worth  £2,128. 
In  the  Fichtelgebirge,  between  Steun,  near  Zwickau,  and  Christ- 
griin,  iron   ores  occur  in   association  with  diabase  and  siliceous 
slates.     Id   1881   the   FrischglUck    Mine  at  Stenn  yielded  599 
tonnes  of  iron  ore  worth  £239,  the  other  mines  in  the  district 
producing  nothing. 

The  value  of  the  total  production  in  Saxony  of  ores  of  every 
description,  during  the  year  1881  amounted  to  £273,691. 

Silesia.* — About  the  beginning  of  the  twelfth  century,  gold 
mining  was  commenced  with  great  success  at  Goldberg,  while 
copper  mining  at  Kupferberg  and  Rudolstttdt,  and  iron  mining  near 
Schmietleberg  were  begun  at  nearly  the  same  time.  AgricoU 
mentions  the  mines  of  Reichen.stein  and  Altenberg,  where  a  grey 
pyrites  was  smelted  for  gold  and  silver.  In  Upper  Silesia  the 
oldest  mining  was  for  lead  ores  at  Scharley,  Dombrowka,  and 
Beuthen;  it  was  commenced  in  the  twelfth  century,  but  was 
abandoned  in  1363  on  account  of  the  increasing  quantities  of 
water.  Mining  was  resumed  in  1526  at  Tamowitz,  where  it  was 
still  flourishing  in  1552,  and  in  spite  of  the  plague  of  that  year, 
the  mines  of  the  district  yielded  no  less  than  .5,000  marks  of  fine 
silver  anil  0-50  tonnes  of  lead.  This  industry  was  finally  stopi>ed 
by  the  Thirty  Years'  War,  and  was  only  partiidly  resumed  in  1784 
In  1800  lead  mining  was  re-commenced  at  Beuthen,  and  in  1881 
Upper  Silesia  produced  no  less  than  21,084  tonnes  of  argentiferous 
lead  ores,  representing  a  value  of  £154,617.^ 

Calamine  mining  at  Beuthen,  on  which  the  present  important 
zinc  industry  of  Silesia  is  chiefly  founded,  is  of  much  more  recent 
date.  In  1560.  calamine  was  mined,  roasted,  and  sent  to  Holstein 
and  Sweden  for  the  direct  manufacture  of  brass.  This  industry  first 

*  JahrbuihfuT  ilan  Berg,  und  JTHUentcaeH.  im  KSm'^rru-hit  Sa^hsrn,  18S3,  p.  44. 

*  V.  Carnall,   Zrit-iehr.  Berg.  Hiitt.  Salincnv:  vol.  i.   Ig-I-S,  p.  3.    Pietsch,  Pivt. 
vol.  xii.  1873,  p.  292.  '  IM.  voL  xxx,  1882,  p.  182. 
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int  about  the  close  of  the  eighteenth  century,  and 

1702    produced    900    tonnes    of    calamine.      Upper    Silesia 

Lelded  in  1881,  from  fifty  mines,  553,487   tonnes   of  zinc  ore, 

^presenting  a  value  of  £357,307,  and  gave  employment  to  9,587 

arkuien.* 

ae  elevated  plateau  of  Upper  Silesia  bordering,  towards  the 
on  Russian  Poland,  is  covered,  superficially,  by  deposits  of 
iura,  beneath   which   various  older   formations  occur  in  the 
ffVjUowing  order,  and  usually  without  iutorruption : — 

1.  Tertiary. 

2.  Cretaceous. 
Jurassic. 

Keuper    Sandstone    with    beds    of    clay 
ironstone. 

Triassic    {  Mvschclkafk,  accompanied  by  deposits  of 

zinc,  lead,  and  iron  ores. 
Bunter  Sandstone. 
5.  Carboniferous  rocks  containing  beds  of  sphajrosiderite. 
These  formations  extend  into  Poland. 

Tho  most  important  metalliferous  ores  of  Upper  Silesia  are 
calamine,  galena,  and  inm  ores  in  the  Muschilkalk ;  ironstones  in 
•he  Keuper,  and  sphterosiderile  in  the  Carboniferous  formation. 
In  Upper  Silesia,  and  in  Poland,  the  deposits  containing  zinc 
d  lead  ores  are  enclosed  in  beds  of  the  lower  Musihclkalk. 
Irown  iron  ore  forms  irregular  beds  and  nests  in  the  limestones 
id  dolomites  of  the  lower  Muschclkalk,  and  with  it  are  found  ores 
of  zinc.  The  most  important  zinc  ore  deposits  occur  in  dolomites 
which  have  been  deposited  in  troughs  in  the  Sohlenkalkstcin  or  floor- 
limestone  of  the  lower  Muschclkalk,  and  extend  from  Tamowita  in 
an  east-south-east  direction  through  Beuthen  into  Poland.  The 
upper  Silesian  rinc  ores  consist  partly  of  carbonate  and  silicate  of 
sine,  with  compact  blende,  but  principally  of  zinciferous  brown 
ironstone,  zinciferous  dolomite  containing  iron,  "  red  calamine," 
and  of  zinciferous  clays  and  floor  limestone  known  as  "  white 
calamine."  In  these  deposits  the  white  calamine  usually  forms  the 
lower  bed,  and  red  calamine  the  upper.  Galena  occurs,  some- 
times in  the  form  of  grains  in  the  dolomite,  sometimes  as  strings, 
and  at  others  as  seam-like  deposits  either  at  the  junction  of  the 
floor-limestone  and  dolomite  orimraediat.ely  above.  The  thickness 
of  this  bed  is  not  usually  more  than  1|  inch,  but  in  places 
it   increases   to  2  feet  4  inches.      It  is   somewhat  diflicult   to 

ZeilMhr.  Berg,  Hm.  Salincnir.  vnl.  xrx.  1S82,  p.  176, 


SI« 


[roil 


fartk 


«f  the  oat  in  thrm  «iqMMiti^  Int  ] 
lA  As  criawM  is  tiK  nnb  of  tke 
•f  wme^  mwmtm  Bac  tnm  ongiiwliyi 
TW  Ik*  iku  Ui»  tniwrii  of 


A»  the  cdhflM  aiae  c«  Uftoie  in  t  rkt  Siiesui  tiie 

fli   O^BBttflv  BHBO0  iSlO  CHl^HBlK   BflS    D06B    VBDOmOQIT 

Tkit  wae,  v>  *  4qidi  of  25  fathoww^  had  jielded  edanune  oa^,] 
vfcfe  •  fcdftoai  liiqui  the  aro  bad  «h  Ibtnid  to  ham  aa 
AtMkr.  I  iiiMBiiin.  »•  thirliiiw  qf  from  •  to  9  feel. of  i 
which  naa  txarvratd  hf  mmwrooa  iCriaga  of  Uende,  umI  ooatauell 
la^fB  aMMH  af  thia  aniesal  vftodi  aftan  endeacd  £n^iitenli< 
galaM.    Xuyapedaumof  oeeashilatedkkenielof  bfendei 
an  asternal  carenog  of  flamme      In  18S1  thi*  mioe  prodoctdl 
J«.78>  toMMa  of  I  alaiiiiiMi.  8,4S»  tenaea  of  Mowte.  and  2.369  tonna^ 
of  lead  art.    la  the  ftwmfhgjBefc  Miwa  at  Oroaa-Doinbrowlca,  in 
the  Neoe  Hrlcne  Mines  at  Scharl(!T.  axkH  the  Marie  at  Miecbowiu, 
beda  of  UeiMle,  9  feet  in  UudoMaa,  ha«e  hevu  diBoov«fe(L 

Ai  the  Friedrich  Mine  at  Taniowits  the  galena  depoiiU 
of  nanj  iiregular  butkcbes  of  oce,  and  the  Tarnowiu  i 
■tiagohbea  a  hard-  and  a  sutfl-ore  bed.  The  hard-ore  bed  J 
femed  either  of  compact  galena,  aniaUj  under  an  inch  in 
Dsaii  bot  aometimes  swelling  out  to  above  2  feet,  or  of 
Af^naniu,  oontaining  fianires  filled  with  cotnp^t  galena.  Where  < 
aolt-ore  bed,  which  Taries  in  thickness  from  10  inches  to  2  fei 
oocun,  the  dolomite  is  divided  into  separate  roanded  bloclf 
between  which  is  found  a  yellowish  or  brownish  iron  ochre,  wh 
OOQ  tains  galena  in  irregular  lump»,  plates,  or  crystals ;  in  such  < 
the  dolomite  itaelf  loses  its  light  colour  and  becomes  brown.  A 
bed  of  brown  iron  ore  is  frequently  found  above  the  soft-ore 
Tlie  brown  colour  of  the  dolomite,  and  the  formation  of 
fiaaurea  occurring  in  it,  are,  without  doubt,  both  due  to  the  same 
cause,  namely,  the  partial  solution  and  alteration  of  the 
the  iron  ochre  and  the  brown  iron  ore  being  residua  from 
process  of  decomposition.  The  soft-ore  bed  sometimes  appears  uT 
another  form,  namely,  as  an  ochreous  or  bituminous  clay  wi^ 
enclosures  of  grilcna,  as  in  the  Trockenberg  and  some  otlfl 
districts.  The  galena  is  often  accompanied  by  coruasite,  anglosite, 
taniowitzite,  and  heavy  fijiar,  the  \sAVfet  mineral  liaving  been  fov 
'  Range  tad  i>  -w:liWwn,'  1870,  p. 


same 


only  in  a  trial  sliaft  at  Stolarzowitz  in  beds  of  from  2J  to  4  inches 
■in  tliickness  above  the  Ooor-Iiniestone.  This  heavy  spar  contained 
galena,  and  was  in  places  much  disintegrated  and  decomposed. 
At  the  Friedrich  Mine  a  second  lead -ore  bed  is  known,  ten  to 
fi/leon  fathoms  above  that  described  ;  it  is,  however,  much  more 
ilTegularly  developed. 

Altogether  about  40  zinc  mines  were  working  in  1881,  of 
which  25  produced  more  than  2,000  tonnes  of  zinc,  18  more  than 
5,000  tonnes.  12  more  than  125,000  tonnes.  3  more  than  33,000 
tonnes,  2  more  than  50,000  tonnes,  and  1  more  than  100,000 
tomes,  9,586  workmen  were  employed  in  these  mines,  of  whom 
SjOi*  worked  underground. 

The  production  of  zinc  and  leads  ores  at  the  most  important 
*liine8  in  Upper  Silesia  was  in  1881  as  follows  :  ^ — 


Xauie. 


New  Helene  (at  Beuthcii) 

Scharley 

Bleischarley 

Samuelsgluck 

Cacile 

Miirie  .    .    . 

Elisabeth    ..... 


Calamine. 

Blvnde. 

Lnui  On. 

TOBDMI. 

TonnM. 

Toimes. 

116.764 

24.72J 

6,2S7 

55,640 

— 

293 

81,867 

18,861 

1,927 

12.fil7 

33,736 

908 

86.789 

8,454 

2,639 

18,789 

5,7S1 

2,239 

19,491 

— 

48 

In  1881  the  total  production  of  zinc  and  lead  ores  was, 
calamine  453,687  tonnes,  blende  99,800  tonnes  j  total  553,487 
tonnes,  value  £307,307;  lead  ore  21,084  tonnes,  value  £154.617. 
In  Silesia  in  1881  there  was  one  copper  mine,  Stilles  Gliick  at 
Jauer ;  this  produced  7,584  tonnes  of  copper  ore  worth  £2,654. 
From  the  zinc  mines  of  Tarnowitz  in  1881,  12,608  tonnes  of 
brown  iron  ore  worth  £2,215  were  produced,  and  from  the  zinc 
mines  of  Beuthen  15,604  tonnes  of  brown  iron  ore  worth  £3,399. 

The  total  produce  of  iron  ores  in  Silesia,  i.e.  Oberbergamtsbezirk 
Breslau,  was  in  1881  as  follows : — * 


Descrirtlnn  ot  On. 

Quautlttea. 

ValiM. 

Clay,  brown  iron  ores  of  Tortiary,  Jnn«ta  and  Keuper  age 
L  Brown  iron  ores  of  the  Muschf.lkyilk 

Tonna. 

2,361 

746,012 

15,031 

475 

640 

127,012 

4,945 

47 

K/Iay  ironstone  and  .tpho.-rosiderite  of  the  Coal-measiirea.    . 
^fiog  iron  ore 

Totals    .... 

764,479 

132,644 

»  Zeittehr.  Berg.  HUtL  Salinente.  Tol.  xxx.  1882,  p.  176. 
»  Jbid.  vol  xxx.  1882,  p.  157. 
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Okmekal  Sumvart  of  tbx  PBODrcnox  or  MKTXixiFZBort  HnixBAU  a  ni 
German  Ehpike,  inclusive  of  LrxufBorso,  dcbixo  the  Teas  188L* 


Description  of  Ore. 


Iron  ore 

Tin  ore   

Copper  ore 

Lead  ore 

Zinc  ore 

Iron  pyrites  .... 
Silver  and  Gold  ores 
Manganese  ore  .    .    . 

Cobnlt  ore 

Nickel  ore 

Antimony  ore  .  .  . 
Arsenic  ore  .... 
Bismuth  ore  .  .  .  . 
Uranium  ore  .    .    .    . 

Wolfram 

Vitriol  ores    .... 


Qoantitieai 


Tonnea. 

7,573,771 

164 

623,  «»8 

161,770 

659,530 

125,057 

26,787 

13,642 

191 

6 

77 

867 

67 

8 

44 

21,018 


Total  value  of  Metalliferous  Minerals  1 


Tala«a. 


Ifuka. 

1 

36,085,533 

1,804.277 

230,2»S 

11,«1S 

14.32»,8«8 

716.495 

19,240,334 

962,017 

9,594,411 

4»,7il 

1,279,366 

63.968 

4,275,487 

218,772 

470,690 

83,534 

260,111 

1^005 

1,938 

97 

16,702 

835 

45,430 

2,271 

245,710 

12,285 

10,278 

614 

12,959 

648 

49,433 

2.472 

86,148,518 

4,307.426 

THE  AUSTRO-HUNGARIAN  MONARCHY. 


Austria. 


The  Austrian  Empire  is  rich  in  minerals  of  commercial 
value,  and  with  respect  to  their  great  variety  is  not  surpassed 
by  any  country  in  Europe.  Gold,  in  notable  quantities,  is 
found  in  Hungary  and  Transylvania,  silver  occura  in  the  same 
countries  and  in  Bohemia,  while  quicksilver,  which  is  almost 
exclusively  confined  to  Idria  in  Carniola,  occurs  also  in  small 
quantities  in  Hungary  as  one  of  the  constituents  of  a  mercurial 
tetrahedrite.  Przibram  in  Bohemia  and  Viilach  in  Carinthia  pro- 
duce lead  ores ;  copper  ore  is  found  chiefly  in  Salzburg,  and  iron 
ores  are  mined  in  Western  Galicia,  Carinthia,  Carniola,  the  Tyrol 
and  Styria.  Tin  ore  is  obtained  only  at  one  or  two  places  in 
Bohemia, 

Bohemia. — Both  gold  mining  and  iron  mining  were  ex- 
tensively carried  on  in  Bohemia  previous  to  the  Roman  period, 

'  From  the  Monat»he/U/ar  die  Staiutik  des  DeiU^chen  Beicha,  vol.  x.  1882,  p.  1. 
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of  the  most  important  of  the  ancient  gold  mines  having  been 
.sfced  at  Eule,  about  ten  Engiisb  miles  south  of  Prague.  This 
le,  which  is  known  to  have  been  in  operation  in  734,  is  said  to 
'C  yielded  in  one  year  one  and  a  half  million  ducats  of  gold,  and 
1145  producecl  twenty-four  cwts.  of  this  uietal.  Silver  mining 
jan  on  the  Birkenbcrg  near  Przibram,  in  Central  Bohemia,  in  843, 
ere  the  workings  are  at  the  present  time  tlie  deepest  in  the  world. 

Mies,  near  Pilsen,  silver  and  lead  were  mined  previous  to  the 
%r  1100,  and  in  1131  the  town  itself  was  founded.  The  mines 
re  abandoned  during  the  Thirty  Years'  War,  but  were  resumed 
1696,  and  continue  in  operation  to  the  present  time.  The  silver 
nes  at  Iglau,  Nellizau,  and  Eylau,  were  first  opened  in  1160. 

consequence   of  the  religious   wars  during  the  fiftoentli  and 
teenth  centuries,  mining  was,  to  a  large  extent,  abandoned,  and 
ny  miners  removed  to  the  Erzgebirge  where,  at  Graupen,  Geyer,      ■ 
-enherg,  Zinnwald,  &c.,  tin   ores   had  been   discovered.      Min- 

for  lead  and  silver  at  Joachimstha!  flourished  at  the  be- 
lling of  the  sixteenth  century,  and,  in  1516,  8,000  miners  were 
ployed  there.  In  the  year  1318  a  mint  was  crOLtcd  in  which  the 
lt«/(?rtc7a"r/(8//ia/t?*,  afterwards  called  (hnlcr,  whence  the  word  doiktr, 
s  struck.  The  production  of  the  Joachimsthal  mines  from  1516 
1534  was  more  than  2,333,000  thalera,  but  here,  as  in  the  district 
nerally,  raining  was  for  a  time  abandoned  on  account  of  tlie  Thirty 
sars'  War.  Many  of  the  mines  were  re-opened  in  1700,  and  have 
atiuued  in  operation,  with  more  or  less  success,  to  the  present 
le.  A  copper  mine,  which  in  lOlG  employed  2,000  miners,  was 
merly  worked  at  Grass!  itz,  but  was  abandoned  at  the  end  of  the 
hteenth  century  and  has  not  since  been  rc-opcned. 

The  town  of  Przibram  ^  is  situated  thirty-one  English  miles 
(th-east  of  Prague,  upon  a  plateau  varying  from  1,650  to  1,950 
t  above  the  Adriatic,  which  is  traversed  by  various  chains 
hilla  of  comparatively  inconsiderable  elevation.  There  are  no 
luments  to  show  when  mining  operations  first  commenced  at 
dbram,  but  according  to  records  preserved  in  the  municijial 
hives  a  concession  to  re-open  the  mines  was  granted  in  1527, 
ce  w^hich  period  they  have  been  continuously  worked  with  vary- 
;  degrees  of  activity  and  success. 

Tlie  metalliferous  deposits  of  this  district  occur  in  the  form  of 
ns  enclosed  in   the  lower  beds  of  the  Silurian  formation  of 


'  "  Notice  Bar  nnelque»-une»  dej  Principnlcs  Mines  de  L'^tat  Autrichien," 
tt,  1878  ;  ]).  6.  *'  Bencht  iiber  die  Thatigkeit  dcs  k.  k.  Ackcrbuu  Miuisteriuma," 
\0T.  Ztil^hr.  vol.  Mix.  1881,  p.  5.53. 
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Bohemia ;  I'Hage  A  of  Barrande.  llie  roc  ks  ai"e,  for  the  most 
part,  siuidBtones,  qiinrtzites,  congiomerates,  and  schists,  bounded  un 
the  east  and  west  by  granite  and  by  a  narrow  band  of  clay  slates 
belonging  to  fdtngf.  A.  The  schists  of  ntajc  B  rest  confonnablj 
upon  the  older  slates,  and  above  them  come  the  sandstones  of  the 
grauwncke,  which  in  their  turn  are  covered  by  grauwacke  slates  of 
a  moan  thickness  uf  about  3,250  feet.  Above  the  grauwacke  Ue  the 
sandstone  and  quartzite  forming  the  extreme  limit  of  the  metalli- 
ferous group.  All  these  beds  have  a  strike  of  north  60°  to  75° 
I'list ;  and  between  the  sandstone  and  the  slates  of  VStage  B,  to  the 
west  of  Przibram  and  Birkenberg,  there  is  a  fault,  containing  claj,  a 
few  inches  only  in  width,  which  causes  an  extensive  displacement  of 
tho  strata;  its  direction,  which  is  very  constant,  is  N.  56°  E^ 
and  its  dip  79°  north. 

The  Lower  Silurian  rocks  are  traversed  by  dykes  of  diorite,  and  by 
numerous  mettdliferous  veins  which  are  capped  with  gossan  and,  at 
depths  below  fifty  fathoms,  consist  to  a  considerable  extent  ofargenti- 

ffcrous  galena.  The  thickness  of  the  veins  varies  from  1  inch  ti 
19  J  feet,  and  nearly  the  whole  of  those  which  are  extensively  worked 
appear  in  the  grauwacke ;  several  of  them  thin  out  and  become 
inijwverisheil  on  reaching  granwackes  of  greater  tenacity  near 
tilt*  surface,  others,  on  the  contrary,  become  richer  in  the 
vicinity  of  their  outcrops,  or  where  a  change  in  the  ooantzr  rod 
takes  place.  Some  of  the  veins  cron  the  &Dlt  above  refencd  to. 
and  have  been  recognised  in  the  schists  at  a  grmt  <fataniy  aatht 
other  side. 

In  addition  to  galena  the  veins  contain  blende^  vhadi  >■ 
silver,  spathic  iron  ore,  caloite,  pymgjrrite,  and  totfliHirite, ' 
argentite  and  native  silver  are  bat  rarely  found.      Tbe  pia^ 

,  occurs  in  veins,  branches,  and  lenticular  ma^wwt,  or  is  i 

lirough  the  compact  quartsose  gaagae.    Hai^  of  the 

been  explored  for  great  distanoes,  boUi  on  their  strike  and 

liip.  without  showing  any  decrease  in  rtduMas  «r  vadttisa  im  tfe 

V  .n^e  :  in  fact,  as  a  geaetal  role,  the  widUi  of  llie  vcas  aad  tke 

u  of  silver  in  tbe  gakoa  inoreafle  with  the  dsf*k  attaaui. 

ine  toogitttdina]  exteoaok  of  the  Kcnfataa  ■nungsavaJa^jSI 

fiukboms.  Ilie  hreiadth  2,380  frthons^  and  tlie  gnalcct  dsftk  jd 

870  fiithiMT,  In  AJsronwiwianniMteeaBfcallTMT— »i< 

k,of  viUeii  tiwtm  deefert  are  tke  AdaEbert  vilk  a  dtftkrf 

frtbom^aad  the  lfai«|j||(^J|^  a  depth  ef  S70 

T^  sadenmnd  wwkiBes  *<e  with  the 


le  s«a  level ;  the  total  length  of  the  gaUmies  in  thaw  munm 
152  miles. 
1  production  of  ores  at  Przibr:un  &:>m  1876  to  1881  was  as 

Weight  of  Ore. 

CSjatalniBC 

AlMMtWte* 

8flw 

L^l. 

traimn*. 

Tonne*. 

8,062 

9,200 

9,489 

10.495 

11,068 

11.953 

Mstric  OFBtaan. 
232  02 
278  18 
270-49 
292-25 
29fl-90 
320-24 

TOBMS. 

3.792 
4,443 
4,460 

4.ei8 

4,710 
5,021 

a3r-4» 

27014 
2SS-78 

»200 
S0«4< 

i  number  of  workmen  employed  in  1880  w<a8  5,450. 
I  veinstone  of  the  lodes  which  occur  in  the  gneiss  at 
perg  ^  is  conipo.'ied  of  quartz,  felspar,  and  calc  spar,  Tlie 
Tvere  worked  so  early  as  1237  and  yield  the  following 
B,  namely,  iron  pyrites,  arsenical  pyrites,  and  blende,  all 
ing  silver,  as  well  as  argentiferous  galena,  copper  pyrites, 
iou8  silver  ores,  lilining  was  resumed  a  few  years  since  in 
)  supply  the  Przibram  stnelting-works  with  p3rrites,  which  is 
i  in  the  treatment  of  some  of  t]ie  jworer  material.  Through 
ilka  shaft,  which  was  only  23  fathoms  deep  in  1877.  aud  102 
a,  three  productive  lodes  are  worked.  These  veins,  which 
[the  most  part  tolerably  wide,  sirt'  in  places  much  pint  lie<l, 
perto  the  productiveness  of  the  mine  has  increased  with  its 
In  1881,  seventy-six  men  were  employed,  and  823  tonnes  of 
worth  £1,234,  were  produced.* 

»  FrischglUckzeche  lead  lode  at  Mies'  is  the  richest 
district,  and  there  are  but  few  which  in  addition  to  lead  ores 
contain  such  a  variety  of  other  minerals.  This  lode,  in 
II  with  all  the  others  occurritig  in  clay  slate  in  the  neighbour- 
'  Mies,  has  a  general  strike  in  the  direction  of  30"  east  of 
nd  dips  from  55°  to  80"  towards  the  west.  In  thickness  it 
rom  a  mere  thread  to  eighteen  feet  and,  with  a  quartzose 
contains   galena,  ceruasite.  pyromorpbite,  blende,   iron 


« 


Znta*.  ToL  zxix.  1»61.  p.  555 
k.  L 


JUMw*  da 


Adberiau  Minuteriums,    p.    CI,    Vieaaa, 


k,  OcflEerr.  Zrittdtr.  mL  xzz.  ihii,  p^  ttS. 
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pyritos.  ami  Ixwytos.  Drusy  cavities  of  various  sizes  frequently 
ovvur  ill  tiiis  voin.  and  the  walls  of  these  are  often  covered  with 
crystals  of  i^i.-irtz  and  iralona,  and  with  those  of  cerussite,  ban-tes, 
au.i  bloHiio  :  laultiiiiTS  yf  the  Kxle  are  veiy  rare. 

l;i  l***«l  thoro  wore  throe  mines  working  at  Mies;  these 
o!rii'"oyi\l  .^l'.'  wvrkiuon.  and  produced  2,370  tonnes  of  lead  ore 
w.'rrh  £l*\.*»«5-t.  :i:i.l  322  tonnes  of  i;alena,  with  "65  per  cent  of 
s:l\ir.  w.  :■:■•.  t":?  2+7. 

rV.-.-  >.■.•.;.•»::;:  '.•.v.'.o  t^'wa  of  Joachimsthal  *  lies  on  the  southern 
s".  ^'vV  v't  :":.o  IvV.-,  :.".i,vu  Errirebirge.  in  a  ravine  of  which  thedircc- 
v.,-.;  is  v.iAr'y  v.  r:'::  :-.::i  >-.::h.  il::;ini:  is  believetl  to  have  com- 
:v..:„v-.:  ::i  :V.:s  '.  v^iility  ■•.•.■.rlr.i:  the  drft  years  of  the  lifteouth 
vw.v.iry.  .i-..:  iv.  1*17  :;.v  "^v."^:C'^r  -rf  :.i:!iers  is  state<i  to  Lave 
K\v.  >  .'  .■.:■.".  :'--.  :■•*::  o. •-T.ur.vi  i.:  l-i-^  than  2'.'.'.">'  *juk 
P.:r-.-.\;  :'...  "  .-.r*  .:'  :!.-.•  >-.^v- :i-t-. i:*':.  o-r-r:ry  rLe  prxluoti-n 
.■..•.■.■■.■.,■■".  r;.v.  ■.'■.■  :'.-  •.■.-.  i-  .i--rr.»cv  y---'i  •  ''  t-^ rii.ry-:w...  t-.-nn-rs  "f 
<■"•.  .7  .•  .":\:  r'.  ;  r.:>:  -r.S-'J  y-.Ars.  t.  a  i^rar.  of  t*^..^' ••  vz.,  at 
V.  ■■.  .  ;:  "r.  is  r.  •■  ■:..;1  "  -  \r".y  «:.::;  —.~  zr  —  *.l-r  y-rar  l.v>.5  v.  iLe 
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The  veins  in  the  western  division,  of  whicb  the  most  im- 
portant is  the  Oeister  Lode,  are  worked  through  two  shafts,  the 
Werner,  230  fathoms  deep,  am!  the  inclined  Elias  Sliat't  of 
01  fathoms  on  the  iueline.  or  72^  fathoms  perpendicular 
depth. 

At  Schlackenwald,'  near  Carlsbad,  in  North-western  Bohemia, 
is  found  the  continuation  of  the  granitic  outburstj  in  which 
is  situated  the  tin  district  of  the  western  Erzgehirge.  But 
while  the  granites  and  slates  in  the  latter  district  are  much 
twisted  and  contorted,  those  of  North-western  Bohoinia  are  nearly 
horizontal  The  slates  by  which  the  granite  was  formerly  covered 
baTe,  for  the  most  piirt.,  been  removed  by  erosion,  but  in  the  Schlack- 
enwald  district,  where  the  entire  system  hns  been  pressed  into  the 
form  of  a  deep  trough,  the  slate  still  retains  a  considerable  thick- 
ness. In  the  southern  portion  of  this  district,  at  Schiinfeld,  the 
granite,  adjacent  to  the  slate,  consists  entirely  of  a  greisen  exactly 
resembling  the  rocks  of  Ziunwald,  and  mining  was  here  formerly 
carried  on  with  considerable  activity ;  but  two  small  conical 
masses  of  granite  north  of  SchiJnfehl  and  between  tliat  place 
and  Schlackenwald,  were  even  still  richtr.  Of  the  sraalkT  of 
these  nothing  is  now  known,  since  it  has  not  been  worked 
in  modem  times ;  the  granite  of  the  larger  mass  has,  how- 
ever, been  continuously  rained  for  many  centuries,  first  b}'  fire- 
setting,  and  afterwards  by  blasting,  Enormous  cavities  were  in 
this  way  formed  until  at  last  the  ruck  crushed  and  the  mine 
caved  in ;  so  that  nothing  is  now  to  be  seen  of  the  granitic  cone 
except  a  single  pillar  which  was  apparently  foun<l  not  worth 
working. 

The  production  of  tin  at  Schonfeld,  near  Schlackenwald,  was  in 
1355  already  considenible,  and  for  a  long  time  Schonfeld  and 
Oraupen  were  the  only  productive  tin  mines  of  central  Europe, 
The  working  of  the  stanniferous  rock  here  and  at  numerous  other 
points  attained  a  great  importance  in  the  sixteenth  century.  About 
tbis  time,  however,  the  production  of  Schonfeld  fell  off,  and  for  more 
t\iHi\  half  a  century  Schlackenwald  was  the  most  imiwrtant  tin  mine 
in  Europe.  From  the  Schonfeld  and  Schlackenwald  district  HUlJ 
tonnes  of  tin  were  produced  in  1 550,and  in  1 580  Schlackenwald  alone 
yielded  from  300  to  4(MI  tonnes.  The  rwk  at  that  time  (1570-lt}(i0) 
yielded  '5  per  cent,  of  tin,  According  to  Reyer,  mining  became  of 
less  importance  after  1580,  and  he  suggests,  as  the  probable  reason 
for  this,  that  the  price  of  tin,  although  it  had  in  the  course  of  the 
•  K.  Riyci,  "  Zinn.,"  18S1,  |>.  7i. 
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century  nominallv  risen,  had,  in  comparison  with  the  price  of  food, 
&c.,  consiJerably  fallen  ;  secondly,  the  depth  of  the  mines  at  the 
end  of  the  sixteenth  century  had  much  increased,  and,  lastly, 
the  percentage  of  ore  appears,  at  least  as  regards  Schlackenwald, 
to  have  decreased  with  the  depth,  as  may  be  deduced  from  the 
following  data : — 

In  the  year  1570  the  average  percentage  of  metal  in  the  rock  was -5 

,.  ICOO  .,  „  0 

„  1655  „  -310  4 

..  1760  ,.  „  -3  to -4 

„  1774  .,  ,.  -2  to -3 

,.  1S19  „  „  -2 

,.  ISoO  ,.  .,  -2  to -4 

At  the  beginning  of  the  seventeenth  century  Schlackenwald 
produced  170  tonnes,  and  Schonfeld  SO  tonnes,  of  tin  per  annum,  but 
this  was  5ubse-:juently  reduced  to  an  annual  production  of  50  tonnes. 
Almost  all  the  ore  pro<3uced  at  Schlackenwald  was  obtained  m 
the  sixteenth  century,  during  which  period  about  50,000  tonnes 
of  tin  were  produce^l  in  this  district,  and  as  300  tonnes  of  rock 
only  yielde'l  1  tonne  of  tin,  15  million  tonnes,  or  about  seven 
million  cubic  yards,  must  have  been  worked  to  give  the  above 
yif  1 1.  Tlie  whole  of  this  rook,  nearly  as  hard  as  quartz,  must  have 
K^eii  removed  by  fire-setting,  gad,  and  h.nmmer,  and  subsequently 
stan.ped  and  washovl. 

In  B.>ho!iiia.  an>\,  in  fact,  in  the  whole  of  Austria,  the  pro- 
duction of  tin  in  ISSl  was  confined  to  two  mines,  viz.,  the  Maurizi 
Mine  at  Hen^stererben.  which  produced  911  tonnes  of  tin-stuff, 
wonh  £035,  and  the  Graupen  Mine  A^hi•-•h  protliiced  140  tonnes  of 
ore.  worth  £3.440.  The  total  prixluction  of  Bohemia  in  1S81  was 
as  foUo-.vs  :  * — 

Tonnis.  Tonno*. 

Gold  ore 7,i>0  Bi<niuth  ore     ....  13 


Silver  ore    .    .    .     12,3S3  Antimony  i.!v 

Lead  ore      ....  '2,377  Uraniuin  on- 

Zinc  ore 1"  WoUVaiu     .    . 

Copper  ore 20  Sulphur  oro    . 

Tin  ore l.Ool  Manganese  ore 

Iron  ore  ...    .    70,206 


.  1S7 
.  .  G 
.  62 
3,011 
.    31 


SMistuehes  Jahrinuk  *•  '  Jfi»««pii«m«,  Vienna,  ISSJ. 
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Salzbdrc' — Mitterberg  in  the  Salzburg  Alps,  where  a 
Ided  knle  is  worked  in  Silurian  claj'^  slates,  is  about  five  miles 
5t  of  Bischofshofeu.  The  deposit  may  be  followed  along 
outcrop  for  a  distauce  of  nearly  five  miles,  and  it  appears  in 
svenU  places  to  split  up  into  two  or  more  leaders.  The  present 
workings  extend  over  a  length  of  above  600  fathoms  along  its 
strike,  and  are  situated  partly  upon  the  main  lode  and  pjirtly  on 
one  of  its  lea<ling  brandies.  The  thickness  of  the  lode,  which  is 
chiefly  filled  with  Lagerschiefi:r-  or  sericite  rock,  averages  from  six 
to  nine  feet,  and  contains  (piartz,  spathose  iron  ore,  and  copper  and 
iron  pyrites.  The  Lugcrschicfcr,  which  occurs  only  where  there  are 
ores,  has  a  light  yellowish-grey  colour,  is  very  hard,  and  is 
perhaps  a  metamorphosed  eruptive  rock.  It  accompanies  the 
lode  on  both  sides  to  a  width  of  from  two  to  fifteen  fathoms,  and 
gradually  pa,ssea  into  ordinary  slates,  its  thickness  being  greatest 
near  the  surface,  and  decreasing  in  depth.  The  norma!  Silurian 
clay  slate  is  locally  known  as  blauer  Schir/cr.  The  term 
tHider  Schiefer  is  here  applied  to  all  varieties  of  slate  near 
which  the  ore  depo.sit  becomes  compressed  and  unproductive. 
The  metalliferous  minerals  are  regularly  distributed  in  the 
Lagcrschirfer,  which  is  likewise  impregnated  with  pyrites,  which  is 
met  with  in  compact  masses  associated  with  quartz.  The  ores 
are  either  disseuiiuated  through  the  veinstones,  or  copper  pyrites 
and  spathic  iron  ore  occur  in  lenticular  masses  enclosed  in  quartz ;  it 
is  to  be  ren^arked  also  that  the  longitudinal  axes  of  these  masses 
are  not  always  parallel  to  the  walls  of  tlie  deposit,  but  are  inchned 
towards  them  at  varying  angles.  Sometimes,  but  not  often,  quartz 
and  copper  pyrites,  but  never  copper  ]*y rites  and  spathic  iron  ore, 
occur  in  concentric  bands  ;  arsenical  fahlerz  and  cinnabar  occur 
as  curiosities.  On  smelting  the  ores  a  certain  proportion  of  nickel 
is  obtained. 

The  total  production  of  Salzburg  during  the  year  1881  was, 
gold  ore  84  tonnes,  copper  ore  3,152  tonnes,  iron  ore  3,837  tonnes, 
and  nickel  ore  40  tonnes,  having  an  aggregate  value  of  £17,550. 

Tyrol. — Lead  and  silver  were  mined  at  the  Schneeberg,  thirty 
miles  south-west  of  Innsbruck,  in  the  fourteenth  century,  and 
mining  for  copper  and  silver  was  commenced  at  Schwaz  in  Northern 
Tyrol  about  1409  ;  almost  at  the  same  time  mines  were  opened  at 
Brixlegg.  Mitterberg.  and  Kitzbricht.  Mining  at  these  places  was 
flourishing  in  the  fifteenth  and  sixteenth  centuries,  while  at  Schwaz, 

'  F.  M.  Stapff,  Berg,  und  HiUUnm.  Zcit.  1866,  p.  6. 

'  .See  |..  264. 
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in  1510,  200,000  gulilen  wore  paid  as  myaliy  nlone.     At  the  Ix-gu 
iiin{(  of  tijc  sixk'«?nth  century,  thest-  mines  are  said  to  have  en 
j)loy«l  7,000  workmen.     Mining  was  abandoned  during  the  Thir 
Yoan*'  War,  and  was  not  resumed  nntil  the  eighteenth  century,  W|l 
it  never  again   reached  its  former  importance.     The  copper  andj 
Hilver  mines  at  Khiusen  originat.e<l  in  1497. 

One  of  tlie  best  L-xnin]>les  of  theixrcurrenceof  bed-like  annl>-PU3J 
ipiartz  in  ro<;k«  (tf  Paheozoic  age  is  that  of  the  Heinzenlier^,  neaxl 
Zell,'  whore  IhmIs  anil  veins  of  quartz  are  enclosed  in  grey  Silnriafflj 
ch\y  slaU'!*.     Oold  is  never  found  in  the  veins,  while  in  the  bed- 
like Kirj^n-^'ations  it  almost  constantly  ix-curs.     Nine  of  these  lietli  1 
are   known,   cinirsing    fi'om    11°   to   26°  north  of   west,  dipping 
at  an  angle  of  from  05°  t.o  70"  towards   the   south,  and   Laving  | 
a  thi<'knL'ss  varying  from  a  few  inches  t4)  six  fathoms.     The  hoi- 
liki'  de})osit^  consist  of  auriferous  ((uartz  and  slates,  the  gold  being 
either  met  witli  as  dust-like  enclosures,  or,  more  rarely,  in  distinct 
h»ave8  and  grtvins.     From   a  mining  i>oint  of  view  the  FrieJri('h 
IhmI    is  not  of  very  groat  imp<irtance,  although  in  former  times 
tl»'   Atiton  and  Johaun  Ix'ds  were    extensively  worked.     In  tbi) 
Frii'dridi  deixksit   there  are,  however,  several  beds,  varying  fri)m 
sixty   to   seventy   fathoms   in   A^-i^lth,   separated    by   unpHxluctiTe 
8tri|>s,  and   traversing   it  in  a  iliagonal   direction,  which  cootaiHj 
workable  gold  quartz. 

Simt"  its  commencement  in  1628,  the  production  of  tlse'' 
Zell  gold  mines  luis  always  been  very  variable.  From  1794 
to  1815,  with  forty-two  workmen,  120  ox.  to  160  oas.  of  gold] 
were  anntially  ]>ro«luce<l,  and  fnnu  1840  to  1S47  the  are 
yield  was  152|  oz.  jx»r  annum.  From  1S48  to  \ii^2  the  anm 
pn»iluction  of  g».)ld  was  184}  oz.,  but  in  the  year  18»4  it  ia- 
cn>asetl  to  212  oz.  In  1866, 1>S4  tonnes  of  gt^ld  qoarti;,  620  loeiiei 
of  nnigh  work,  and  555  tonnes  of  slate  were  raised,  givii^  272  OL 
of  gt^ld.  In  IS81.  thirty-one  muK^rs  wete  at  work  priadpaUj 
fX{tlaring.  so  that  no  ore  was  rataetL  Jl 

There  ai«  four  mines  in  the  Brixl^g  *  district,  iiaai^»  M 
Schwax,  at  the  KleinkogeL  Giosskogel,  and  »t  the  Matxenkd|4dLfl 

At  Schwas  the  veins,  which  Tazr  in  thinness  from.  4  to  1  ia^Q 
occur  iu  a  grauwmcke  skte>  and  are  filled  with  ■fiathir  iraa  ««, 
aakertte,  heaTy  s|iar,  gakoa,  bhlets,  copper  pyritea^ 
pjrarg^rit^,  and  quarts. 


»  A  R. 
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Tlie  Kleinkogel  nas  bet'n  workL-d,  without  mteimption,  from 
very  ancieut  times,  aud  is  now  supixjsed  to  be  nearly  exhausted  ; 
The  Grosskogel,  like  the  Schwaz  Mines,  has  been  resumed  after  a 
long  intemiption  of  the  operations.  The  Klcinkogel  is  situated  on 
tLe  southern  border  of  llie  Uuteriiinthal,  about  two  miles  south- 
west of  Brixlegg,  where  the  Guttenstein  limestone  is  traversed  by 
uumeroiis  irreguhir  fissures  eontainiiig  ores.  Heavy  spar  associated 
with  calc  spar,  aukcrite,  and  quartz,  forms  the  princifial  gnngue. 
An  antimonial  fahlerz,  containing  quicksilver,  nickel,  and  cobalt, 
ttomctimes  traverses  the  heavy  spar  in  irregular  tlircads.  StapflF 
Sendeavours  to  explain  the  deposits  of  ore  at  the  Kieiukogel  by  an 
influence  of  the  country  rock.  The  deposits  of  the  Grosskogel 
are  irregular  stockworks,  sometimes  of  considerable  extent,  con- 
taining fahlerz,  argentiferous  copper  and  iron  pyrites,  heavy  spar, 
calc  spar,  dolomite,  and  quartz. 

At  the  Matzenkopfel,  near  Brixlegg,  where  the  mining  is  of 
recent  date,  the  lodes  occur  in  Partuach  dolomite,  aud  contain 
argentiferous  falderz,  galena,  and  iron  pyrites,  with  arsenides  of 
nickel  and  cobalt,  pyrargyrite,  native  silver,  bituminous  slate, 
dolomite,  and  calc  spnx.  The  shaft  is  as  yet  only  thirty-five  fathoms 
in  depth. 

From  1877  to  1880  the  Brixlegg  mines  produced — 
Ore  for  the  smelter  1,240  tonnes. 
Ore  for  the  stamps  8,082       „ 
Heavy  spar  t)4G       „ 

Spathic  iron  ore        1,140       „ 

The  Pfundrersberg,  at  Klausen,'  consists  of  a  mica  schist,  in 
which  there  occurs  a  large  mass  of  diorite.  At  the  contact  of 
these  two  rocks  is  a  felstone-porphyry,  of  which  the  limits  are  not 
sharply  defined.  Three  lixles  traverse  these  rocks  with  a  strike 
between  W  north  of  east  and  due  east,  and  <iii>  from  60°  to  80° 
towards  the  north;  they  are  accompanied  by  numerous  strings  and 
exhibit  the  character  of  complex  lodes  sixteen  fathoms  in  thickness. 
The  country  rock  has  a  remarkable  influence  on  the  contents  of 
the  lodes,  which  are  invariably  richeiit  iu  the  diorites,  where 
they  contain  argetitiferous  galena,  blende,  copper  pyrites,  and 
irun  pyrites  ;  while  in  the  felstone-porphyry  and  slate  galena  is 
entirely  absent,  and  only  copper  pyrites  and  iron   pyrites  occur. 

«  A.  R.  S<limi.lt.  Bitra.  nnd  EuUenm.  Ztil.  1867,  p.  267.    0*3ierr.  Ztit.  vol.  xxix. 
1881,  p.  677. 
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Immediately  the  lodes  pass  into  the  slates  they  become  iin- 
pjverisfi-hl.  This  mine,  on  account  of  the  scarcity  of  timber  and 
other  materials,  is  not  exitn«ively  worked,  and  as  a  rule  only 
abz'Ut  fifteen  men  are  em]>!oyed. 

The  Schoeeberg  ^  lies  about  thirty  miles  south-west  of  Inns- 
bruck, and  f-:'rm5  the  point  of  intersection  of  several  lofty 
mountain  chains.  Near  its  summit,  7,200  feet  above  the  sea 
level,  and  just  below  the  general  level  of  the  glaciers,  is  the 
Schneeberg  Mine.  There  is  reason  to  believe  that  this  mine  was 
worketi  for  arirentif-rrijus  sralena  and  copper  ores  as  early  as  the 
beginning  >.■(  the  titt-ienth  c-rntury.  In  1486  a  thousand  miners 
were  employed,  but  shortly  aftenvards  the  ores  became  exhausted, 
and  operati'-ns  were  abandv>iK-d. 

A  new  examination  of  this  i"cality.  in  the  years  1868  and  1800, 
led  to  the  re-openins  of  t::e  mine  for  the  sake  of  the  blende 
reraaiuing  untouohe-i  in  the  veins,  and  accumulated  in  large  quan- 
tities b-.th  in  the  attle.  or  packing,  and  in  the  old  waste  heaps. 
Dep>sits  of  blende  with  galena,  apparently  possessing  a  beddetl 
chara  ter,  occur  in  a  raica  schist  containing  garnets,  which  consti- 
tutes the  r>:»ck  of  the  Selmet-berj.     Alth-iugh  however  the  mica 
schist  beds  in  the  vicinity  of  the  mines  strike  with  remarkable 
regularity   dircc;;y   ei-t\^ard.   and    dip   towards    the    north,  the 
deposits  th"!ii*r  :v.  •:.   ;is  v.ell  as  tlio  immediately  adjacent  mica 
schist  bods.  Lr:ve  a  s-rlke  To  the  north-en.^t.  and  a  dip  to  the  north- 
west.     Tli-y  varv  in    thi-vkhtrss  fp.m  C  t->  .').">  f-.-et,  and  consist 
of  veinstone.  Mr  r;-le  and  £ralena,  with  a  little  iron  pyrites  and 
cha!oopyri:e  ;  riji.l  ankerire.  c:di-i*e.  iviartz,  garnet,  and  hornblende 
are  usual'.y  pr-  -tiit.     The  workin-zs  e.\tt.nJ  f-r  a  distance  <;if  l,2iii) 
fathoms  al-.nc  tl.e  strike,  and  to  a  depth  of  o'2')  tVithonis  on  the 
dip.     The  depsits  are  rei^ito  tly  disl"?ated  by  faiilts. 

The  author  ..f  the  ot^l'-ial  rep  rt  •  n  .Aus'rian  mines,  published  in 
1S7S  in  Ci>!iije'.-tion  with  tl.e  French  Exhibiti'-n  of  tiiat  year,  was 
of  opinion  that  Sohiioeberi:  was  ciipaMe  <.f  annually  pn'ducin'.: 
T.t'OU  tonnts  of  blen.le  containing  i^  per  ceiit.  of  zinc,  and  3,'J'i" 
tonnes  of  traleua.  It  however  appears  that  these  anticipations 
have  not  hitherto  been  fuily  realized,  f'..r.  alth-aigh  between  tive  and 
six  hundred  men  are  employed,  the  \>r-  >luotion  frjin  1S77  to  lSSi>, 
inclusive,  was  only  3.<">:J4  tonnes  I'f  bli.nile  containing  4.i  per  cent, 
of  zinc,  and  27,13.3  tonnes  of  mixed  ores  containing  2.">  per  cent. 
of  that  metal. 

'  "  Notice  sur  qnelqaes-noes  dea  PniunpalM  Uines  Je  I'Etat  Autri..h:*n,"  1  i??. 
F.  Poiepny,  Ofiterr.  Zeit.  toL  xk^' 
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In  1881  Schneeberg  produced  ■l',234  tonnes  of  zinc  ore ;  this 
increased  proJuctiou  beingdue  to  the  erection  of  improved  dressing 
apparatus. 

Near  Kitzblihel,*  in  Tyrol,  bed-like  lodes  occur  in  Silurian  clay 
slatos  and  grauwacltes.  F.  M.  Stipff  *  describes  these  deposits  as 
Lagergdniji:,  or  bedded  lodes ;  A.  R.  Scbraidt  *  calls  them  Lager,  beds. 

The  copper  pyrites  occurring  in  Silurian  clay  slates  has  been 

orked  for  many  years  at  the  mines  of  Kupfeqjlatte,  Kelchalpe, 

id    Schattborg  ;    the   ores  principally  consist  of   copper  pjTites 

associated  with  iron  pyrites  in  a  gangue  of  quartz  and  ankerite, 

which  often  attains  a  thickness  of  several  yards. 

At  the  Kupfer]>latte  Mine,  five  miles  south  of  Kitzbiihel,  eight 
parallel  bedded  lodes  varying  from  4  to  35  feet  in  thickness  are 
known  to  exist  above  one  another ;  the  quartz  occurring  in  lenticular 
masses  in  the  slate,  while  lenticular  masses  of  slate  are  found  in 
the  quartz.  In  this  lode  copper  pyrites  and,  more  rarely,  iron 
pyrites  also  occur  either  in  the  form  of  lenticules  or  in  disseminated 
grains.  Where  the  ores  are  rich,  the  country  rock  is  composed  of 
Ldfffrsehie/er ;  but  where,  on  the  contrary,  they  are  poor,  the 
country  rock  is  formed  of  the  so-called  wilder  Schie/er,  which  is 
dark  with  an  irregular  cleavage.  According  to  Staptf,  the  Zager- 
tchiefcr  and  icildcr  Schicfcr  enclosing  the  ore  occur  in  a  lenticular 
mass  in  normal  Silurian  clay  slates. 

The  mine  of  Kelchalpe  is  ten  miles  south  of  Kitzbiihel,  and  is 
5,050  feet  above  the  sea  level.  Copper  pyrites  here  predominates, 
quartz  being  a  subordinate  material. 

The  Schattberg  Mine,  half  a  mile  south  of  Kitzbiihel,  is  worked 
by  means  of  two  adits  and  an  ijicUned  shaft,  of  which  the  per- 
ndicular  depth  is  about  eighty  fathoms. 

From  1877  to  1880,  inclusive,  the  average  production  per 
annum  from  the  Kitzbiihel  copper  mines  was  as  follows  : — 


> 

Kupferplnttc  ... 

Kefchft  pe 

Bvlinttbcrg 

Bough  Work. 

rtTWDtuge 
uf  Ccpp«r. 

Ore. 

Percratagt) 
of  Copper. 

Ton  he*. 

1.358 

8,436 

96-i 

1-09 
1-67 
1  56 

Tonnes. 
142 
S84 
126 

10'5 
14  0 
12-3 

»  OttUrr.  Zeit.  vol.  xjtix.  1881,  p.  683. 
»  Ben.  uiui  HfUUmm.  Ztit,  1865,  p.  18. 
»  lUd.  1870.  p.  174. 


ORE  DEPOSrrS- 
I^Tbe  total  production  of  Tyrol  in  1881  was :  ^ — 

ToTm«*.  ^"'"ri. 

Silver  ore             "5 i,'75 

Copper  ore  12.73+ £9,522 

Ironoro         1,700 £1.239 

L.;iul  ore          515 £4,822 

Zinc  ore        4.537 £9,965 

Sulphur  ore      779 £3H9 
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Carinthu  axd  Sttru. — Certiiin  liinestonea  of  the  Carintlit 
Alps  couUaiu  in  various  localities  deixisits  of  lead  and  zinc  orc^,^ 
which,  notwithstanding  slight  differences  iu  «lotiul,  resetnljli!  uni 
another  in  their  more  important  characteristics,  and  have  dool 
a  common  origin.     The  princijwl  liK-alities  wbt-re  such  (ir|i.,wrn 
have  been  worked  are  the  following,  namely : — Blcibtrg,  Knaiit, 
Rsiibl,  Windiaoh-Bleiberg,  Kap|X'I,  Mies,  and  Schwarzenbacli,  Tli 
all  occur  in  a  luslt  of  limestone  of  a  few  miles  in  breailth  and  a1 
seventy-five  miles  in  length  ;  but  it  will  be  unnecessar>'  to  dvt 
«!escription  of  more  thwn  one  of  llieni. 

The  mining  villa>;o  of  Raibl,'  in  Upper  Carim!(;  :    i 

on  a  declinty  of  the  Konigsberg,  which  contains  dip  -ii  -  ■!  .  i"  i,i, 
blende,  and  calamine,  which  have  been  worked  from  the  earlitsl 
times.      The  doposits  of  Raibl   rest  conformably  on  the  stnti 
of  the  Upper  Trias,  and  have  been  displaced  to  a  distance  of  fim 
twenty   to  thirty   fathoms  by  faults  running  north  and  Bonth. 
Near  these  dislocating  fissures,  which,  at  the  surface,  can  U; 
tinguished  as  valleys,  the  ores  occur  in  limestone,  chiefly  in 
upper  portions;  -the  term  limestone  is,  however,  pun^ly  a 
graphical  distinction,  since  these  be<l8.  1 ,000  yards  in  thidcnes^ 
not  only  compoai.'d  of  limestone  but  also  of  various  slates  and  doi<v 
mites.     The  Raibl  beds,  resting  on  the  limestone,  ooosist  of  nnrl 
slat«,  and  shale.    Oalena  and  blende  occur  in  the  dolomite,  white  the 
calamine  deposits  are  found  on  a  somewhat  diffen^nt  horizon  in  iIk 
limestone.    The  deposits  of  galena  and  blende  are  distinctly  cavitirs 
in  the  dolomite  and  dolomitic  slates  which  have  been  filled  by  infil- 
tration.    They  are  very  irregular  in  form,  but  alwaj's  contain  crystal- 
line blende,  galena,  iron  pyrites,  and  dolomite,  in  layers  parallel  tit 
the  walls  of  the  <leposit.     Dolomite  sometimes  occurs  between  the 
galena  and  blende,  and  seems  most  frequently  to  form  the  cental 

iimluk.  Jdtm^m  MtmtMtruumt,  TiMnn.  XBtS.  p.  VO. 


AFSTRIA. 

ng  of  tile  cavity,  Iwit  in  some  cases  blende  occupies  this  positioiu 
ivy  spar  is  rare,  and  oever  fonus  entire  beds,  but  occun  only 
separate  crystalline  aggregations  in  dolomitic  geodes.  The 
kXaiDC  deports  differ  entirely  from  the  foregoing,  as  in  them 
re  is  nothing  to  indicate  caTities  filled  by  infiltration,  but  every- 
ig,  OQ  the  coDtraiy,  seems  to  show  that  they  are  pseudomorpfas 
ff  limestone,  and  certain  peculiarities  of  this  rock  are  accurately 
roduced  in  the  calamine.  At  Raibl  the  calamine  consists, 
Dcipally,  of  zinc  carbonate  and,  more  rarely,  of  zinc  bloom,  while 
»te  of  zinc  is  very  rare.  The  ore  m':>st  plentifully  obtained  is  a 
iriy  pure  ziuc  carbonate,  containing  on  an  average  45  i>er  cent,  of 
t.  The  prwluction  of  ore  In  1876  was  18,411  tonnes,  but  in 
W  it  sank  to  9,794  tonnes. 

The   Noric  iron   of  Tacitus  and  other  classic  authors   was 

ed  from  ores  obtained  in  the  Styrian  Erzberg,  and,  as  this 

stry  has,  without  intermission,  continued  in  activity  from  tho 

of  the  Roman  (jccupation  to  the  present  day,  the  aggregate 

must  have  been  enormous.    A  fire,  which  took   place  at 

jfenerz  in  1618,  destroyed  documents  then  existing  which  carried 

the  iriin  manufacture  to  A.D.   712,  but  the  documents  still 

rved  do  not  go  further  back  than  the  twelfth  century.     In 

Styria,  thirty-one  blast  furnaces,  produced  122,000  tonnes 

pig  iron,  and  during  the  same  year  Cariuthia  yit'lded  liS.OUO 

ixes  from  seventeen  blast  furnaces. 

,*rhe  total  production  of  iron  ore  in  Styria  during  tiio  year 
H  amounte<l  to  420,974  tonnes,  worth  £109,042.  Cariuthia 
^he  same  jeai"  produced  88,041  tonnes  of  iron  ore,  worth 
»,486.» 

tC'AKNloLA. — The  quicksilver  deposit  of  Idria,*  in  Camiola,  was 
iovered  in  1490,  or  according  to  others  in  1497,  by  a  cooper,  who 
ined  a  couipiiny  for  the  pui'pose  of  working  it ;  and  mining  was 
Hed  on  by  this  and  other  companies  until  the  Government  took 
fge  of  the  property  in  15S0.  Recent  investigations  relative 
the  geology  of  Idria,  by  M.  V.  Lipoid,  the  present  manager, 
fe  shown  that  tlie  ore-bearing  nxks  are  exclusively  of  Triassic 
,  and  that  the  CarlK>uiferous  sandstones  and  schists  which  fdrui 
roof  of  the  metalliferous  beds,  have  only  assumed  tliis  positinn 
mgh  dislocation,  displacement,  or  reversal. 


I.  p.  33. 

M.  V.  Lipoid.  "I>iuik.  k.  (^uccksilkr-wiTk  zu  Miin  in  Krniii,"  [nihlihliwl  in 
f  to cotnniem orate  the  30(ith  ttnnivei»ai-y  of  ihe  Govcnuniriit  imiigc 8!<ioii.  Or»iftr. 
vol.  sxx.  1882,  p.  84. 
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In  the  north-western  portion  of  the  mine  the  deposit 
tlie  character  of  a  bed-like  vein  enclosed  in  the  so-called  Skotica  heii? 
and  conglomerates,  and  is  of  the  nature  of  a  stockwork  in  a  Lower 
Triassic  breccia.   The  ore  in  the  south-eastern  part  occurs  chiefly  in 
fissures  in  Lower  Triassic  Guttenstein    limestone  and  dolomit^i,, 
both   hanging  and   foot  wall    being  impregnated  with    cinnabar.) 
In   the    north-western  part  of  the  mine,  in  which   the    IVfi 
beds  follow  the  course  of  the  main  dislocating  fissure,  O uttrnMfii^i 
and  IVerfen  beds  consisting  of  dolomites,  limestones,  and  of  saudy 
slates  on  which  the  Weiirjcti  beds  are  deposited,  form  the  foot  wall 
of  the  deposit.     Above  the  Wengen  beds  come  the  Skonai  beds, 
and  above   these  are  limestone-conglomerates  impregnated  with 
cinnabar,  dolomitic  breccia,  and  GiiUntdcin  beds.    The  M'cngcn 
which  principally  carry  the  ore,  dip  42°  north-east,  until  at  a  dep^ 
of  150  fathoms  they  split  up  into  two  branches,  rising  respective 
for  a  distjvnce  of  forty  fathoms  at  angles  of  34'''  and  47°.  and  the 
turning  downwanls,  are  united,  and  assume  a  ilip  of  50"^  north-e^ 
The  slates  are  not  uniformly  impregnated  with  cinnabar,  there 
being  sometimes  rich  pockets  and  lenticular  masses  enclosed 
barren  ground.   Ciuuabar  is  the  only  ore  occurring  in  depth,  natii 
{quicksilver  being  found  ordy  near  the  siirface. 

The  richest  ore  is  the  Stahlerz  or  steel  ore,  so   called   fni) 
its  colour,  which  contains  75  per  cent,  of  mercury,  and  occurs 
a  compact  or  crypto-crystalUne  form.    The  Lehererz  is  liver-colour 
compact,  and  lustrous,  usually  forming  nests  in  the  Stahlerz.     The 
ZicgdfTZ,  or  brick  ore,  is  sandy,  granular,  and  of  a  bright  red  coloiu". 
A  peculiar  variety  of  the  ore  is  known  as  Korallenerz. 

The  Skonra  beds  proper  consist  principally  of  dark,  bituniiuoin 
dolomitic  sandstones  and  slates,  containing  fossils  resembling  cor 
which  have  not  at  present  been  determined ;  these  coral  sanC 
stones  and  slates  are  sometimes  productive  of  ore.  The  slat 
where  they  carry  ore,  which  is  frequently  associated  with  ir 
pyrites,  are  generally  highly  bituminous.  In  the  south  eastei 
parts  of  the  mines  the  strata  are  almost  vertical,  and  are  cro.«:Bed 
fissures  sometimes  exceeding  three  feet  in  width.  The  quicksilve 
deposit  of  Idria  contains  iron  in  the  form  of  pyrites,  but  no  other 
metals,  and  is  remarkably  poor  in  cry.staliized  minerals;  cinnabar^^ 
calc  spar,  dolomite,  and  quartz  being  rarely  found  as  good  crystalai^l 
Idriidite  and  anthracite  occur  in  the  form  of  compact  masses. 

Lipoid  believes  that  the  ores  owe  their  origin  to  infiltratic 
from  below,  and  calls  attention  to  the  fact  that  the  mine  grow^ 
richer  as  greater  depth  is  attained. 


PART  II.] 


HUNGARY. 


331 


From  1877  to  1879  the  reduction  works  treated  the  following 
quantities  of  ore : — 

1877.  33,311  tonnes  containing  1*371  p.c.  of  mercury. 

1878.  33,004      „  „  1-360    „ 

1879.  40,627     „  „         1076    „ 

The  production  of  quicksilver  in  1877  amounted  to  837,960 
lbs.,  while  the  yield  in  1878  and  1879  amounted  respectively 
to  791,015  and  924,137  lbs.  Within  the  last  thirty  years 
the  production  of  Idria  has  been  trebled.  Among  the  quick- 
silver mines  of  the  world,  Almaden,  in  Spain,  takes  the  first  rank, 
New  Almaden,  in  California,  the  second,  and  Idria,  in  Carniola, 
the  third. 


Gbkeral  Sdmmary  of  the  Production  of  Metalliferous  Minerals  in  the 
Austrian  Empire,  exclusive  of  IIcnoary,  during  the  Year  1882.' 


Description  of  Ore. 

Quantities. 

Values. 

Iron  ore  

Tin  ore 

Copper  ore 

Lead  ore     

Zinc  ore 

Sulphur  ore 

Gold  ore 

Silver  ore 

Nickel  and  Cobalt  ores    . 

Antimony  ore 

Bismuth  ore 

Uranium  ore 

Wolfram 

Quicksilver  ore 

Manganese  ore 

Tonnes. 

902,610 

2,602 

4,154 

14,765 

25,300 

9,005 

354 

11,841 

14 

609 

21 

6 

66 

46,988 

8,418 

Oulden. 

2,397,464 

20,063 

229,036 

1,172,847 

374,093 

101,012 

16,839 

3,043,935 

528 

22,232 

39,144 

8,936 

643,005 

74,124 

£ 

239,746 

2,006 

22,904 

117,285 

37,409 

10,102 

1,684 

304,394 

63 

2,223 

3,914 

894 

54,300 

7,412 

Total  Value  of  Metalliferous  Minerals  ) 
produced  in  1882 ( 

8,043,258 

804,326 

Hungary. 

Mining  in  Hungary  dates  from  before  the  time  of  the  Romans, 
when  important  gold  mines  were  in  operation  in  Dacia,  the  Tran- 
sylvania   of    the    present    day,    at    Vorospatak,    Zalathna,    and 

*  From  the  Statistitehes  Jahrbueh  de*  k.  k.   Ackerbau  MinitUriumji  fur  1882. 
Tieniuk,  1883. 
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OSeahinTx,  vhile,  in  Lower  Huz^aiy,  alrer  and  oofper  nnna 
were  opened  in  the  aerenth  centmy.  The  town  ot  Sdieniiiiti 
wad  focmded  al»at  the  beginnii^  of  the  twdfth  oentoiy  hj  Fiaak 
and  Saxi'>n  mineta ;  Krenmitz  is  of  neadj  the  same  date,  whik 
Neuaohl  was  founded  in  the  fourteenth  eentiir]r  faj  minen  baa 
Saxoaj  anil  Thnringia.  In  ^ippex  lEongaij  minii^  fiir  sho; 
copper,  and  antiinon;'  odgxDated  at  Schmollirifat,  Anmyidka,  ai^ 
Kapnik,  bv  German  ecdoaiaatkm  in  the  fifteenth  centmj;  the 
golti  mining  at  Botza,  in  Lows'  HongaiT;  dating  CnMn  1550. 
The  Scfaemnitz  mines,  which  still  oootinae  to  be  the  moit 
isipxunc^  in  the  year  1690  produced  16,894  OM-oigM. ;  while  tlie 
production  of  precioiu  metals  from  17-10  to  1773  was  not  lea 
than  seventy  milHon  golden,  and  at  the  present  time  the  anaiial 
proiiaoci'ja  is  abxit  16,241  oz.  ot  gcid  and  378,962  ok.  of  liker. 
In  Soacheni  Hungary  important  lead  and  slrer  nunes  exiited 
at  Gvijertrsta,  bat  they  were  abandoned  in  the  middk  of  die 
sixteenth  cennxry  on  accoont  of  the  wais  with  the  Tn^ai 

At    SchemniuL*    in    Hoi^aiy,    sxty-fire    miles   north-Tot 
of  Ba'ia,  the  knies  pass  in  a  soath-westerly  direction  out  of 
propvlite  isto   beds  of  lG>xene  age,  thns    prorii^    that  tiiej 
were  fonnai  at  a  comparatiTely  recent  date.    These  lodes  are 
cLaract-eriscd  by  great  width,  and  by  a  fiUing  consistii^  of  decom- 
pose-.:  ail  i  a-:ere>i  pxks  in  which  the  ores  occur  as  impiegnations, 
in  tLrea<i=.  at:!  as  ih^  cementing  mateiial  of  breccias.    Distbct 
jKrlTa^ts  d>  liji  or^Ta-,  and  the  reins  consequently  appear  rather  as 
bands  of  r  jck  impiegnated  with  ore  than  as  fissures  which  have 
been  filled  iritL  rarious  ixineia]  sulistaaces.     The  Teinstone  varies 
oonsiderabjv  in  the  diaerent  \oie&,  but  rocks  converted  ioto  a 
clayey  or  silicecius  mass,  homstone,  quartz,  and  amethyst  are  of 
e?j»t<-ially  fre<juent  occurrence.     A  peculiar  quartzose  rock,  locallj 
known  as  Sinrjnl,  which  is  of  a   brownish-red  colour,  |Hobably 
owing  to  the  presence  of  iron  oxide,  is  rich  in  gold  besides  being 
impregnated  with  argentiferous  galena,  blende,  copper  pyrites,  and 
iron  f»yrites. 

Among  the  minerals  occurring  in  the  lodes  are  various  rich 
Kilvfrr  nri-fi,  such  as  native  silver,  polybasite,  pyrai^gyrite,  &c^  which 
aro  found,  prin'-iiMiUy,  in  veins  enclosed  in  the  syenite  at  Hodritsch, 
ii'f«r  S';li«i«nif  z,  but  also  occur,  although  more  rarely,  at  Schemnitz 
itm'ir.  At-  H'xlritji'-Ii  a  nmall  ma.ss  of  syenite  comes  to  the 
nuri'iu-'f,  Mtti  In  Hiirrounrlf.'d  on  all  6id<»  ho-  oropylite.  J.  W.  Judd 
nri'l  U,  V,  ItiiUi  r|iic!Hlii>n  whetl  ^  really  a  syenite, 

«  M.  V.  HirM,  Jahrh.  '  l8C7,p.Si;. 
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but  Pettko,  Adrian,  and  Lipoid  are  of  opinion  that  it  is  so. 
The  syenite  of  Hodritsch  has  a  mucL  greater  extent  beneath  the 
surface  than  at  the  surface,  and  is  surrounded  by  metamorphosed 
Devonian  strata,  and  by  rocks  of  Triassic  age.  The  Tertiary 
eruptive  rocks  burst  through  the  syenite  and  sedimentary  rocks  in 
lode-like  dykes,  and  extend  in  great  masses  over  both.  Propylite  is 
the  oldest  Tertiary  eruptive  rock  found  in  the  neighbourhoorl,  and 
this,  as  in  other  Hungarian  metailiferous  districts,  is  penetrated 
by  more  recent  igneous  rocks.  At  Schemnitz  dykes  of  rhyolite 
sometimes  occur  as  proiluctive  metalliferous  veins.  According  to 
Lipoid,  the  Griiner  Lode,  the  Johann  Lode,  and  the  Biber  Lode 
are  nothing  more  than  veins  of  rhyolite  which  contain  silver  and 
other  ores  in  strings  and  fissures,  and  he  is  of  opinion  that  the 
mode  of  distribution  of  the  ore  would  lejid  to  the  theory  of  a 
subsequent  infiltration  of  minerals  into  the  igneous  veins.  In  the 
syeniU'  are  veins  of  dacite  which,  as  they  accompany  the  lodes. 
may  possibly  have  opened  the  way  for  their  formation.  The 
relative  ages  of  the  rhyohtic  veins  in  the  propylite  and  of  the 
dacite  veins  in  syenite,  yet  remain  to  be  determined;  but  a  verj- 
large  number  of  lodes  are  known  to  exist  within  the  limits  of  these 
rocks.  Generally  speaking,  the  veins  in  syenite  have  a  more 
irregular  strike,  namely  from  south-west  to  north-east,  from  north 
to  south,  and  even  from  east  to  west,  than  have  the  veins  in  the 
proi)ylite,  which  course  principally  from  south-west  to  north-east. 
The  dip  is  usually  about  75'  towards  the  south-east,  but  occasionally 
towards  the  north-west.  Several  of  the  veins  may  be  followed  for  a 
great  dist.'vnce  in  the  direction  of  their  strike.  The  Griiner  Lode  can 
bo  traced  for  above  1,0 UO  fathoms,  and  the  Spital  Lode  for  about 
half  a  mile,  so  that  this  lode,  with  its  great  thickness  of  twenty 
fathoms,  is  one  of  the  largest  in  the  world. 

Among  the  more  recent  minerals  found  in  these  lodes  may  be 
mentioned  calc  spar,  brown  spar,  diallogite,  spathic  iron  ore,  heavy 
spar,  and  gypsum.  The  ores  are  tf>  a  large  extent  concentratt'd  in 
columnar  or  irregularly  formed  shoots,  which  difl'er  in  character  not 
only  in  the  vfuious  lodes  but  frequently  also  in  the  same  fissure. 
In  this  way  the  north-east  portions  of  the  Spitid  Lode  contain  only 
goltl,  galena,  blende,  and  copi»er  pjTites,  galena  jilaying  the  prin- 
cipal part;  while  in  the  south-west  portions  sih'er  ores  almost 
exclusively  prevail.  The  most  productive  Io<les  in  Schemnitz. 
muoely,  the  Griiner  Lode,  the  Stefan  Lode,  the  Johauu  Lo<le^ 
the  Spital  Lode,  the  Biber  Lode,  and  the  Thcresia  Lodsj  occur  in 
propylih\ 
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Kremnitz,^  eighteen  miles  north  of  Schemnitj!.  is  one  of  tie 
most  ancient  of  the  Koyal  Free  Mining  Cities  of  Hungary.  Here  a 
mass  of  propylite,  surrounded  by  grey  trachyte,  is  traverseii  by 
numerous  veins  which  are  so  intermixed  with  the  country  rock  ibil, 
in  places^  neither  their  strike  nor  their  dip  can  be  determined.  The 
mass  of  propylite  is  about  half  a  mile  in  length  and  from  l,UOUt« 
2,000  fathoms  in  width,  and  contains  tiuely  disseminated  aurifennu 
pyrites,  which  becomes  concentrated  in  the  vicinity  of  veins  anij 
tissures.  Although  the  dejxisil  generally  presents  rather  the 
appearance  of  a  sl4>ckwork  than  of  a  regular  lode,  yet,  strictlj 
speaking,  this  is  not  a  correct  definition,  since  enclosed  in  the  pro- 
pylite are  two  distinct  and  parallel  groups  of  lodes,  coursing  from 
north  to  south,  which  are  known  respectively  as  the  Main  Lode 
group  and  the  Georg-Sigmund  group. 

The  former  includes  the  Main  Lode,  the  Schmmer  Lode,  iLe 
Kiichbcrg  Lode,  the  Schindler  Lode,  and  the  Katharinen  Lode; 
these  lodes  are  connected   together  by  numerous  flucaas  ami 
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branches.  The  loiles  of  tbis  group  dip  from  45*  to  55'  east, 
the  branches  of  the  lianging  wall,  however,  always  incline  at  a 
greater  angle  than  the  fool  wall  so  that  the  entire  system  of 
lodes  converges  in  depth,  thus  somewhat  resembling  an  open  fan. 
Fig.  67.  after  Windakiewicz,  represents  a  section  across  these  lodeti 
Their  thickness  varies  from  three  to  five  fathoms,  and, at  the  point 
where  the  branches  meet,  is  sometimes  as  much  as  50  iktbons 
atrross^  The  filling  principally  consists  of  quanz  or  homalone 
with  decomposed  country  lock,  and  intermixed  with  the  qnarts 
is  finely  divided  argentiferous  and  auriferous  pyrites,  which 
imparts  to  it  a  greyish  colour. 

The  Georg-Sigmund  group  consists  of  the  Lettengai^,  dipfnnig 
6.»*  west,  and  the  Georg-Sigmund  Lode,  on  the  hanging  side  of 
the  latter,  dipping  70""  east.  T\"'  »iIi;..o.  ia  f,-,r  tlie  most  part,  the 
san>e  as  that  of  the  previous  t,  img  the  occurrence  in 

the    latter  of  auriferoui:   stib*  Kallic  gold.      Among 

'  E.  Windaki  r    -    •  ■ -"     •  '^-J    «▼!  !»«.  |».  317. 


oaincrals  frequently  found  in  the   lodes  may  be  mentioned 
calc    spar,    browu    spar,    heavy    spar,    aurit'enjus    and 

utifcTous  iron  pyrites,  stibnite,  fahlerz,  pyrargyrite,  and  argen- 

;  while  arsenical  pyrites,  blende,  galena,  copper  pyiites,  and 
cinnabar  are  rare.     In  consequence  of  the  decomposition  of  pyrites  ^ 
the  outcrops  of  the  lode  were  especially  rich  in  gold.  H 

At  Nagybiiuya,^  in  South-eastern  Hungary,  the  lodes  occur  in 
propylite,  and  only  occasionally  iu  grey  trachyte,  which  is  pene- 
trated and  superstratified  by  the  former,  their  strike  being  30°  to 
45°  east  of  north.  The  most  important  of  these  lodes  is  the  Kreuz- 
bei^,  which  courses  north  and  south,  dips  from  7tl°  to  80°  west,  has 
an  average  thickness  of  three  feet,  sometimes  increasing  to  sixH 
feet,  and  traverses  the  mountain  of  the  same  name  from  its 
raromit  to  its  base.  The  lodes  generally  are  not  well  defined 
and  have  no  selvages.  The  filling  consists  of  quartz,  in  which  the 
auriferous  pyrites,  with  a  little  copper  pyrites,  is  finely  disseminated; 
but  nr*st3  of  silver  ores,  especially  of  pyrargyrite  and  argentiferous 
fahlerz,  also  occur.  It  is  remarkable  that  at  the  Ki-euzberg  thefl 
■various  airbonates  are  entirely  absent,  as  are  also  heavy  spar, 
galena,  blende,  stibnite,  and  realgar,  which  in  other  places  are  so 
frcquontly  found  iu  similar  lodes.  Near  Nagybanya  are  the  mine 
of  Felsobiinya,  Kapnik,  and  01ah-Laj>os-B.inya. 

Near  the  village  of  Felsobiinya  is  situated  the  Grossgnibei 

Mountain,  which  consists  principally  of  propylite,  and  is  at  the  foot 

surrounded  by  Tertiary  beds.      The  lodes  occur  in  this  projtylit.* 

striking  east  and  west,  and  in  the  direction  of  their  rise  opei 

out  like  a  fan,  in  such  a  way  that  at  the  surface  the  group  has 

breadth  of  no  less  than  240  fathoms,  but  gnulually  narrows  duwn 

as  it  gets  deeper.     These  lodes  have  a  thickness  varying  from  one 

to  twelve  fathoms,  and  a  dip  of  from  45°  to  70°.     Impure  quartz 

containing  disseminated  jiyritesand  other  minerals,  is  the  oldest  and 

most  important  veinstone,  and  is  very  rarely  absent,  hut  when  it  is 

80,  realgar  and  stibnite  often  occur  in  fine  crystals.     Above  thoH 

quartz  come  auriferous  pyrites,  argentiferous  galena,  blende,  copper 

pyrites,  stibnite,  realgar,  and   argentite.     Then  follow  heavy  spar 

and  g\psum  ;  while  among  the  most  recent  minerals  are  calc  spar 

L^nd  brown  spnr. 

^y     The  lodes  at  Kapnik*  arc  very  similar  to  those  above  described, 

but  here  two  systems  of  veins  are  distinguished.     Those  of  th 

[  "  F.  V  Richthofcn,  Jahrh.  li.  I:  H:  geol.  Rrichsujut,  1800,  \>.  238.      B.  v.  Cott 

Jffro.  find  nattcitm.  Zrii.,  IStM.  p.  81. 

'  B.  V.  Cotta,  Brg.  und  HHUnim.  ZeU.  1801,  p.  ISO.     H.  Hofer,  Jahrb.  d. 
j;cnl.  Reich.  ISM,  p.  i. 
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vlder,  like  those  of  FelsObdnya,  course  east  and  west,  and  occur 
a  conglomerate  lying  at  the  boundary  of  the  propylite  ami  grev 
trachyte.  The  filling  material  resembles  that  of  the  parts  of 
Febiobinya  lodes  which  are  poor  in  quartz,  but  when  quartx  i 
entirely  "wanting  the  ores  lie  directly  upon  the  altered  rock.  The 
more  recent  system  courses,  like  the  Nagybdoya  lodes,  30°  to 
east  of  north,  and  their  thickness  varies  from  one  inch  to  sev( 
feet.  Quart2  and  pyrites  have  impregnated  the  country  nx^k,  t&d 
blende  and  galena  occur  in  threads.  The  lodes  often  contain  lai^e 
ilruses,  in  which  are  found  the  magnificent  crystallized  miuenils 
ibr  which  Kapnik  is  celebrated. 

At  Oldh-Liipos  BAnya  the  propylite  has  exercised  a  msU- 
inorphic  action  on  the  Tertiary  beds,  and  the  lodes,  as  far  as  they 
occur  in  that  rock,  are  exactly  similar  to  those  of  Kapnik;  but 
where  tlioy  traverse  Tertiary  strata  they  only  contain  quartz  with 
u  small  quantity  of  pyrites. 

Magurka'  is  .situated  on  tlic  northern  border  of  the  gianitie 
chain,  which,  4,00<i  to  (5,000  feet  above   the   sea,   extends  froui 
Djiimbir  in  a  westerly  direction,  and  the  mine  is  worked  at  an 
altitude  of  from  2,500  to  3,000  feet.     Several  lodes  containing 
stibnite,  quartz,  and  native  gold,  occur  in  the  granite ;  but  of  these 
the  most  northerly  only  is  worked.     It  varies  in  width  from  a  few 
inches  to  twelve  feet,  dips  at  an  angle  of  from  25°  to  3ft",  and  is 
much  dislocated  by  faults.     The  granite  in  tlie  neigh bjurhofid  of 
the  lode  has  undergone  much  alteration,  the  felspar  being  couvened 
into   a   greenish-yellow  wax-Uke    mineral ;  the   mica,  ori^nally 
•1,'irk,  luiving  become  silver-white.     The  filhng  principally  consists 
iif  quartz,  stibnite,  and  granite,  while  argentiferous  gold  is  fiuely 
disseminated  in  the  quartz.     Galena,  blende,  pyrites,  brown  spur 
and  calc   spar   occur  subordinately.     At   the  richest   points  the 
stibnite  is  dissemiuat^^d  over  a  width  of  more  than  six  feet,  nnJ 
the  ore  contains  enclosed  fragments  of  granite.      At  one  point 
I  lie  lode  is  symmetrically  filled  in  with  stibnite  in  the  middle  and 
rjujirlz  on  both  sides  of  it,  accompanied,  on  one  side,  by  a  brown 
«par  string  of  more  recent  formation. 

At   Schmolluitz*  a  zone  of  clay   slate  is  interstratified  wii 
mica  schists,  and  encloses  beds  containing  patches  and  com 
lenticular  masses  of  iron   pyrites.     The  clay  slate   zone.  whi< 
i«  about  1.200  feet  in  tliic^p'^'^      -fea  from  east  to  west,  di; 
from  GO'  to  75''  towards  U"  1  is  wurkf<J  for  a  disi 
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of  about  three  miles  along  its  strike.  Iti  the  floor  and  roof 
of  the  zone  of  claj  slatOj  which  may  be  regarded  as  the  ore 
deposit,  there  is  a  black  carbonaceous  shite  contaim"ng  a  large 
proportion  of  silica.  The  grey  clay  slates  of  tliis  bed  enclose  two 
principjil  metalhl'tTOus  zones,  varying  from  six  to  sixty  foet  in 
thickness,  containing  pyrites ;  but  they  are  not  distinctly  separated 
from  the  grey  slates,  as  they  always  contain  more  or  less  sulphides. 
The  ores  are  principally  iron  and  copper  pyrites,  partly  separated 
out  as  crystals  in  the  slate,  and  partly  as  compact  masses  more  or 
less  associated  with  rpiartz.     The  latter  often  appear  as  lenticular 

«idies  of  variable  dimensions  enclosed  in  clay  slates. 
[  Three  large  lenticular  masses  of  pyrites,  known  respectively  as 
e  Liegend-Kiesstock,  the  Hangenil-Kiesstock,  and  the  EtigL'lborti- 
Kiesstock,  are  especially  remarkable.  The  largest  of  these  lenticular 
masses  is  the  Liegend-Kiesstock,  which  is  210  fathoms  along  its 
strike,  73  fathoms  in  the   direction   of  its  dip,  and  19  fathoms  in 

«ckness.  The  Haugcud-Kiesstock  may  be  followed  for  a  distance 
142  fathoms  along  its  strike,  and  63  fathoms  on  its  dip, 
lie  its  thickness  is  7  fathoms.  The  Engelberti-Kicsstock  has  a 
length  of  lOll  fathoms,  a  width  on  its  diji  of  40  fathoms,  and  a 
thickness  of  15  fathoms.  These  segregations  are  accompanied  by 
shales  impregnated  with  pyrites,  and  in  the  eastern  portion  of  the 
zone  traces  of  galena,  blende,  and  various  ores  of  cobalt,  have  been 
discovered. 

At  Herrengrund,'  near  Neusohl,  very  irregular  deposits  occur 
in  the  gneiss,  mica  schist,  and  grauwacke  slates,  near  their 
junction  with  the  granite.  The  miueralogical  constitution  of 
the  mass  is  here  usually  as  irregular  as  its  form.  The  so-called 
Pfeifer  Lode  appears  to  be  a  thick  vein  of  spathose  iron  ore  cutting 
obliquely  through  siliceous  slate,  and  containing  fahlerz  either 
disseminated  or  in  strings.  In  the  southern  portion  of  the  field 
bed-like  lenticular  masses  of  falileiz  associated  with  copper 
pyrites  and  ijuartz,  from  six  to  ten  inches  in  thickness,  lie  between 
the  foliations  of  a  gneis.s  which  ]>asses  over  into  a  tAlco-inicaceous 
schist. 

»At  Dobsehau,2  gabbro,  partially  converteil  into  serijentiue, 
surrounded  by  clay  slates  resting  upon  gneiss  and  granite. 
The  lodes  occur  on  the  edge  of  the  gabbro  in  the  vicinity  of 
the  clay  slates ;  they  exhibit  a  fan-like  arrangement,  and  possess  the 
racteristica  of  comjxjsite  lodes  separated  by  no  distinct  boundary 

«  B.  V.  CotU.  Berg,  und  JiUUenm.  ZeU.  1861.  p.  68. 

•  G.  Faller,  B.  u.  H.  Jaftrb.  d.  L:  k.  iiiU<r.  Bergaead,  1868,  xvii.  p.  165. 
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from   the  country  rock.     They  sometimes  attain  a  thickuesa 
24"   feet,  and   are   principally   filled  ^-ith  country  rock  trav« 
by   threads  of  ore.      A   compact  mixture  of  copper  and  nickfl 
ores  is  the  mineral  wrought;  this  contains  from  17  to  22  per  cen 
of  nickel,  and  from  4  to  lU  per  cent,  of  copper.     Compact  fabler 
copper   pyrites,   erubescite,    and    nickeliferous   pyrites  are 
Spatliic  iron  ore,  calc  spar,  and   ankerite  accompany  the  ore 
gangue. 

Tbansylvaa'IA.' — The  mining  town  of  Nagydg,  in  Transylvania, 
is   situated   in   a   valley  on   the   northern   slope   of    a   tnichytic 
mountain  range,  twelve  miles  north-west  of  the  town  of  Brwos  tuid 
lying  between  the  rivers  Maros  aud  Aranyos.     All  the  surroundiu^j 
country  is  composed  of  propylite,  which  has  burst  through  beds  of 
Miocene  age  consisting  of  limestones,  sandstones,  conglomentct, 
and  red  clays.     The  propylite  encloses  large  masses  of  Tertiary 
sandstones  and  conglomerates,  which  have  experienced  no  appwent 
alteration.      The  lodes  vary  in  thickness  from  a  few   inch«  lo 
six    feet,  and    their  course   is  usually   either    north    and  south 
or    south-east  and    north-west,    with    a    dip  at    a    cunsidenble 
angle,  thus  forming  a  complicated  network  of  veins.    The  ora 
occur  in  propylite,  and  both  this  rock   and   the   enclosed  land- 
stones  and  conglomerates  are  traversed  by  so-called  OUtueh  lod«i 
This    term    the    miner   applies    to    eruptive    masses    or  dykei 
enclosing  angular  fragments  of  the  country  rock,  and  of  a  peculiar 
slate  which  contains  rounded  patches  of  quartz  about  the  size  of  a 
nut.     The  Glauch  of  Nagydg  is  a  rock  closely  resembling  dacite. 
The  Glauch  lodes  vary  from  an  inch  to  three  feet  in  thickna%aBd 
have  generally  a  course  similar  to  that  of  the  ore-bearing  loda,  on 
the  productiveness  of  which  they  apparently  exercise  a  favooiaUe 
influence.     The  ore-bearing  veins  in  the  hard  propylite  are  usually 
thin  and  unproductive,  but  when  it  is  less  hard  they  are  tiiicke 
And  more  metalliferous ;  in  a  soft  country  rock  they  are  commc 
much  split  up.     They  traverse  both  the  propylite  and  the  Gl 
The  most  important  minerab  found  in  the  lodes  are  quartz 
hornstone,  brown  spar,  calc  spar,  native  gold,  nagyagite,  sylvanil 
hessite,  native  tellurium,  oxide  of  manganese,  blende,  and  ii 
pyrites.     More  rarely  they  contain  gypsum  with  enclosed  acales  at 
gold,  heavy  spar,  native  arsenic,  magnetic  pyrites,  copper  pyrites, 
fuhlorz,  boumonite,  galena,  atiboite.  plumo&ite.  blende,  realgar, 
orpiment,   and    native   we'  n    the    propylite    an»    foand 

'  B.  T.  ColtvAafll^  Q.  ^  1*0.    H.  He*T.  JUH.  d. , 


,  alabundite,  diallogite,  with,  subordmately,  galena,  blende, 
trous   fahlerz,  and  quartz ;    iu   the  conglomerates,  on  the 

I,  sylvanitCj  quartz,  and  fablerz  are  found, 

nbiiuya,*  is  situated  north-west  of  Abrudbduya,  in  the  Tran- 

u  Erzgebirge,  between  tlie  rivers  Aruuyoa  and  Maros.     Here 

about   one   inch    in   thickness    traverse   much-weathered 

te,  and  contain  free  gold  with  ores  of  tellurium  associated 

uartz,  calc  spar,  browu  spar,  diallogitc,  iron  pyrites,  blende, 

galena,  native   silver,  and    pyrargyrite.     These  so-called 

um  veins  are  obliquely  traversed  by  others  conUiining  quartz 

n   pyrites,  which    have    a   favourable   influence   on   their 

ctiveness. 

e  workings  which  have  opened  up  the  tL'lliirium  veins,  have 
through  an  adjacent  granular  limestone  containing 
gated  deposita  of  ore.  The  form  of  these  is  very  irregular,  as 
iy  occur  as  nests,  pockets,  and  threads,  varying  iu  size  from  the 
lleat  patches  to  large  segregated  masses.  Among  tlie  ores  con- 
in  these  dej^osits  are  iron  pyrites,  galena,  blende,  sulphide  of 
mgauese,  psilomelane,  fahlerz,  and  stibnite.  The  principal  eaitljy 
enils  are  calc  spar,  brown  spar,  silicate  of  manganese,  hornstone, 
Ulz,  and  clays.  Grimm  ^  states  that  a  longitudinal  arrangement 
the  minerals  within  the  ore  mass  or  iu  the  lodes  and  cavities,  is 
eptioual. 

The  contact  masses  of  Rodna  occur  under  very  similar  geological 
iditions  to  those  of  OffenbAnya.  The  di.strict  is  composed  of 
ca  schist  and  hornblende  schist,  with  numerous  intercalations  of 
inular  limestone.  Tertiary  beds  also  occur.  Numerous  masses 
andesite  burst  through  these  rocks,  and,  where  they  come  iu 
itact  with  the  granular  limestone,  ore  dejxisits  occur  enclosed  in 
I  latter  rock.  The  size  of  the  ore  bodies  is  very  variable ;  the 
i  which  is  at  the  present  time  principally  worked,  has  a  vertical 
iglit  of  278  feet,  and  a  thickness  of  92  feet.  It  ha,s  been  explored 
a  length  of  390  feet,  without  the  end  having  been  reiu'hed. 
e  ore  is  a  mi.\ture  of  iron  pyrites,  blende,  and  argentiferous 
ena,  consisting  of  60  per  cent,  iron  pyrites,  20 — 25  per  cent, 
inde,  and  0 — 8  per  cent,  galena,  the  remainder  being  cjilcite  and 
irtz.*  Arsenical  pyrites  and  dolomite  also  occur.  The  ores 
itain  gold  and  silver.     Posepny  *  determined  the  relative  age  of 

'  Po'*liny,  Jnhrh.  d.  k.  k.  i/tol.  Jirichmiuil.  IS/."),  p.  70. 

'  flrrji.  unil  Iliitt  iioi.  Jnhrbvfh.  d-  h.  k:  Ostrr.  Hcnincfiii.  vol.  xvi.  18fl7,  p.  806. 
*  G.  V.  Kiith,  ZeiUi-hr.  d.  d.  gi-ul.  iJejulUrh.  vol.  xxx.  1878,  p.  556. 
Jahrh.  d.k.k.  geol.  RfifJunmit.  1865.  j>.  1S3.  and  1870,  p,  \9. 
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the  miacTaU  to  be  as  loUows : — (1)  Iron  pyrites  and  quarU;  (2) 
galena,  blende,  and  arsenical  pyrites;  (3)  dolomite  aad  cajcit*;. 
Von  Beuat '  and  Posepny  are  of  opinion  that  tlie  Rodna  deposit  w 
of  metaraorphic  origin,  formed  by  the  eruption  of  the  andesiU;; 
while,  on  the  other  hand,  Grimm*  regards  it  as  an  ore  deposit 
originally  formerl  in  the  limestone,  and  subsequently  split  up  br 
the  eruption  of  the  andesite. 

The  Tmnsylvanian  village  of  Vorospatak  '  lies  in  a  deep  valley 
five  miles  north-oast  of  AbrudbAnya,  and  is  built  upon  a  sandsti:! 
recognised  as  of  Eocene  age.  In  a  westerly  direction  the  v;ili. ;, 
is  closed  by  a  crescont-shaped  mountain  ridge  composed  of  a 
hornblendic  rock  generally  regarded!  as  propylite,  which  nuut  lur 
more  recent  than  the  Tertiary  sandstone,  which  it  has  broken 
through.  Towards  the  south  rises  the  bare  and  rockv  mouutoin 
ritlge  of  CsL^tatje,  composed  of  a  much  altered  eruptive  roct, 
probably  propylite,  which  is  impregnated  with  iron  pyrit«  and 
traversed  by  innumerable  irregular  veins  containing  quartz,  gold, 
iron  pyrites,  blende,  fahlerz,  magnetic  pyrites,  galena,  bertbi«rii£, 
calc  spir,  spathic  iron  ore/&c.  Black  clayey  masses,  called  Glamm, 
containing  fingments  of  mica  schi5t  and  sandstone,  tnvene  the 
productive  rock  in  the  form  of  veins  and  threads.  This  productive- 
ness is  continued  from  the  eruptive  rocks  into  the  a/djaceniEoau'' 
sandstones,  which  are  traversed  by  numberless  fissures  filled  with 
quartz,  nurifcmus  iron  pyrites,  fahlerz,  copper  pyrites,  calc  spar, ic 
Occasionally  such  fissures  may  be  followe^l  for  more  than  lOO&tluHU 
along  their  strike  and  30  fathoms  in  the  direction  of  tbeir  dip. 

lu  1873  no  less  than  41C  mining  companies  were  at  work  in  Um 
gold  districts  of  Transylvania,  giving  employment  to  8,369  BBien 
who.  although  a  considerably  smaller  number  than  was  Canatti/ 
employed,  still  made  their  living  by  this  industry ;  in  1876,b«vefa; 
the  number  of  companies  was  still  further  reduced  to  383^  eai^oybg 
G.613  miuers.  In  1877  this  region  produced  27.870  oc  o£  goM, 
SiO.108  ox.  of  nlver,  4}  tonnes  of  coppra-,  and  IJ  tonne  «f  ]ad,(i 
an  aggrejEate  value  of  £126,900.* 

The  Baxat.*— The  eruptive  rocks  of  the  Banat  an-l  Serria.slifte 
geoerallj  from  north  to  south  in  a  xooe  190  miles  in  fc^tk  To 
tbeae  rocks,  which  are  probably  diorites.  t.  CoUm  prem  tkm  eaibdn* 


*  Serf,  mmd  Bi 


9ml 

a  r.  Ca<«B,  Serf. 
*.  pmL  /Mekmmt.  18«7.  ^  « 

*  a«AfT.  ZriUr.  tcL  iittL  1 

*  B.  T.  C«CU.  tMfu^^"*^ 
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kxue  of  banatites.  They  are  accompanied  by  crystalline  slates,  by 
urassic  rocks,  and  probably  also  by  rocks  of  Cretaceous  age.  At 
e  junction  of  the  eruptive  and  sedimentary  rocks,  the  limestones 
oome  crystalline  and  enclose  garnets,  woUastonite,  and  vesuvianite. 
nociated  with  these  rocks  are  irregularly  formed  contact  deposits 
licli  contain  iron  pyrites,  magnetite,  and  a  great  number  of  other 
nerals;  among  the  sulphides,  iron  pyrites,  copper  pyrites,  and 
n&de  predominate.  The  most  important  and  best  known  mining 
tfcricts  of  this  zone  are  those  of  B^zbdnya,  Moravicza,  Dognazka, 
^arvicza,  and  Cziklova. 

rrhe  deposits  of  R^zbdnya  have  been  well  described  both  by 
'tiers*  and  by  Posepny.'  According  to  the  latter  the  irregular 
a  deposits  of  this  district  represent  cavities  occurring  as  dislocating 
Biires.  Peters  gives  a  list  of  sixty-three  different  minerals 
(nuTiDg  in  these  deposits. 


GKNXBAL  SUHUART  of  the  PbODUCTION  of  METAtUFZKOTJS  MiNEBALS  IN 
HUNOART  DURING  THE  YEAR  1881.' 


Deseilption  of  Ora. 

QntntiUes. 

Valnes.                       { 

1 

Iron  ore 

Copper  ore 

Lead  ore 

Zinc  ore 

Iron  pyrites 

Silver  and  Gold  ore  .    .    . 

Ores    containing   Gold,  ) 
Silver,     Leid    and  > 
Copper ) 

Cobalt  and  Nickel  ore  .    . 

Antimony  ore 

Quicksilver  ore 

Manganese  ore 

Tonnrs. 

465,479 
7,889 
1,886 
1,462 
47,129 
6,267 

96,619 

137 

767 

2 

2,832 

Florins. 
1,550,263 
407,302 
146,061 
38,591 
206,890 
706,939 

676,048 

79,214 

84,728 

350 

21,308 

£         : 
126,026    6 
40,780     4 
14.606     2 
3,869     2 
20,689    0 
70,693  18 

67,604  16 

7,921     8 

8,472  16 

85    0 

2,130  16 

Total  value  of  Metalliferoos  Minerals  ) 
produced  in  1881 \ 

8,617,694 

361,769    8 

*  Berg,  und  HUUenm.  Zeit.  1862,  p.  269. 

*  Jahirb.  d.  k.  k.  gtol.  Seichtant.  1876,  p.  40. 

*  Inelosive  of  all  countries  belonging  to  tne  Crown  of  St.  Stephen,  namely,  Hungary, 
uuylTaaia,  Kroatia-Slavonia,  &c.  From  figures  supplied  by  the  Royal  Hungarian 
ktuttical  Bureau. 
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ITALY. 

Nearly  the  whole  of  the  geological  formations,  both  igneous  and 
sedimentary,  are,  to  some  extent,  represented  in  Italy,  and  among 
the  former  may  b«  included  the  eruptive  rocks  now  being  pouroi 
forth  from  the  volcanoes  of  Naples  and  Sicily.     These  different 
formations  yield,  more  or  less  abundantly,  various  useful  minenJg. 
Italy  contains  deposits  of  iron,  copper,  zinc,  argentiferous  Jeaci. 
quicksilver,  and  other  ores,  which    are,  to   some   extent,  treated 
in   the   country,  but  are,  for  the   most   part,  exported.     These 
deposits  usually  occur  either  as  lodes  traversing  the  older  rocks, 
or  in  lenticular  concentrations  interstratified  with  their  bedding, 
Lead  occurs  in  combination  with  sulphur  as  galena,  while  zino, 
principally  as  carbonate  or   silicate,   is  found    in    the    Silurian 
rocks   of  Sardinia,  and  also    to  a   small   extent   in    the   Triassic 
dolomites  of  Lombardy.     Copper   occurs   in   the   older  slates  as     J 
copper  pyrites,  either  in  beds  of  various  thickness  as  at  Agordo,  in 
the   Aosta  Valley,   in   veins  in   the   serpentines   and  gabbros  of      I 
Tuscany  and  Liguria,  and,  lastly,  in  quartz  veins  traversing  some 
of  the   older  rocks  of   Tuscany.    Quicksilver  is   obtained  from 
segregations  of  cinnabar  occurring  in  the  Eocene  rocks  of  the  Montfl 
Amiata.    Iron  ores  occur  in  various  localities ;  in  the  Aosta  Valley, 
and  in  other  places.     In  the  Alps  there  are  deposits  of  magnetite, 
whidi,  although  somewhat  difficult  to  treat,  yield  an  exceedingly 
soft  iron.     There  are  also  extensive  deposits  of  spathic  iron  ore  in  j 
the  Triassic  sandstones  of  Lombardy,  which,  for  the  most  part,  yieilM 
ores  rich  in   manganese,  and,  when  smelted   with  charcoal,  affi>rd  " 
iron  and  steel  of  good  quality.     Brown  iron  ores  occur  in  irreguLv 
veins  and  masses  at  Gualdo  Tadino  in  the  Central  Apennines,  a: 
in  the  Atina  Mountains.    A  limonite  bed  at  Pazzano,  in  Calubrii 
somewhat  extensively  wrought  by  the  ancients,  was  formerly  worki 
by  the    State,   and   afterwards   by   private   individuals,  but  wi 
ultimately  abandoned  as  unprofitable. 

The  most  important  iron  mines  are  those  belonging  to 
Government  in  the  Island  of  Elba,  where  the  ore  consists  chieflj 
of  bajmatite  and  magnetite  deposit^  'n  irregular  masses  along  t 
eastern  const  of  the  island,  wb<»'''^^         oximity  of  the  sea  afford 
great  facilities  for  shipping.  om  of  Italy  is  officiall; 

divided   into  ten  mining    **  central  office  at  Rora 


W^ 


he  head-quarters  of  the  ten  districts  are  sevtially  situated  at 
kJicona,  Caltanisaetta  (for  the  whole  of  Sicily),  Florence,  Genoa, 
^lesios  (for  Saixiinia),  Milan,  Naples,  Rome,  Turin,  and  Vicenza.^ 

Gold. — A  considerable  number  of  localities  in  Italy  were 
atowa  to  the  ancients  as  producing  gold,  but  the  only  mines  now 
if  any  importance  are  those  fiituated  in  North  Piedmont,  where 
^ins    of    quartz   coutairiiug  nuriferovis   pyrites  are   enclosed    in 

-fossiliferous  slates  and  schists.    The  mines  of  this  district  were 

ively  worked  in  the   time  of  Pliny,  who   states  that  the 

ibate  limited  the  number  of  slaves  to  5,000  in  order  to  prevent  a 

uction    in  the   price  of  the    precious   metal.      The    principal 

Igamatiou  works  are  situated  on  various  streams  near  tlie 
iot  of  Monte  Eosa,  a  considerable  amount  of  gold  having  been 
»und  in  the  valleys  of  Anzasca,  Toppa,  and  Antrona,  The 
nost  important  mines  are  those  of  Pestarena  and  Val  Toppa, 
rorked  by  an  English  company,  where  the  ore  consists  of  a 
^nular  auriferous  pyrites. 

Tlie  production  of  gold  during  the  year  1881  exceeded  that  of 

he    previous   year  by  973  oz.  5  dwt.  23  gr.,  and   the   amount 

ealised  exceeded  that  obtained  the  previous  year  by  £1,985  15s.  Id, 

^^KThe  returns  for  1881  were  as  follows : — 


From  Pentarena     5,084     0 
From  Val  Toppa  2,165  13 


U 


value 


£ 

17,522 

8,039 


6 

19 


d. 
5 

10 


7,249  13     7 


25,5G2     C     3 


At  Pestarena  tlie  average  yield  of  bar  gold  per  ton  of  ore 
freated  was  1  oz.  3  dwt.  11  gr.;  being  83*3  per  cent,  of  the  total 
junount  present.  At  Val  Toppa  the  yield  of  bar  gold  per  ton 
fras  6  dwt,  10  gr. ;  or  81'9  per  cent,  of  the  gold  present  was 
ixtracted.* 


4 
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Thp  rorps  of  Italian  milling  eiiKinpcre  has  rprcntly  puHisln'cl,  nf  tlie  rcqueRt  of 
Miliwter  of  Agripulture  ami  Commerce,  o  collcotioii  oi'  intcrpsltng  Rtatistio* 
elflUiig  to  the  ininiii^  imlustry  of  Italy,  eutitlud  "  Notiuc  stiitititiche  suIIa  ladtiatria 
lincraria  in  Ifnlia  Jnl  1860  al  1880,"  Rome,  1381,  a  volume  of  more  than  400  {uiges. 
has  lieen  repuMished  in  the  Jiecut:  Unirertelle  dfJi  Mint*,  and  has  also  been 
"»ted  by  C.  v.  Ernst,  who  has  matfrially  added  to  it  from  hie  personal  notes, 
'  extracts  from  "  I  Tesori  sotterranci  dell'  Italia"  by  O.  Jervis,  3  vols.  Tnrin, 
1981.  These  papers  appeared  in  the  Ocsterreicliische  XcUsdi-rift,  and  have 
»»p-»rately  published,  in  book  form,  under  the  title  of  "  Die  Montanindustrio 
,"  by  C.  V.  Ernst,  Vienna,  1883. 

I  of  the  Pestarena  United  Oold  Mining  Company,  December,  1881. 
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According  to  Jen'is*  there  were,  in  1879,  twenty-eight  gold 
mines  in  Italy,  producing  in  the  aggregate  9,700  tonnes  of 
auriferous  ore.  In  1S80  the  output  of  the  Italian  gold  mines 
had  increased  to  11,709  tonnes  of  ore,  -worth  £23,699  ;  as,  how- 
ever, the  Pestarena  United  Mines  produced  in  that  year  gold  to 
the  value  of  £23,580  10s.  lOd.  it  leaves  only  £118  9«.  2d.  as  the 
value  of  the  gold  obtained  in  all  the  other  mines  in  Italy. 

Silver. — The  first  silver  ores  were  discovered  in  1870  at  the 
Monte  Narba  Mine,  on  the  eastern  coast  of  Sardinia,'  where  the 
metal  occurs  in  the  native  state,  as  sulphide,  and  sometimes  as 
horn  silver,  or  as  pyrargyrite.  Silver  is  now  obtained  from  the 
mines  of  Monte  Narba,  Giovanni  Bonn,  Bacu  Arrodas,  and  Correhoi, 
in  the  east,  and  from  Perda  San  Oliu,  in  the  west,  of  the  island. 
At  Monte  Narba  the  lode  occurs  in  Silurian  clay  slate  in  the 
vicinity  of  porphyry,  courses  from  east  to  west,  and  dips  70°  north. 
The  gangue  consists  of  quartz,  calc  spar,  and  fluor  spar,  associated 
with  clays  and  various  silicates ;  heavy  spar  is  rare,  and  the  lode 
contains  argentiferous  galena  as  well  as  true  silver  ores. 

In  1881,  771,600  oz.  of  silver  were  obtained  from  the  Sardinian 
silver  mines. 

Quicksilver.' — At  Vallalta,  in  the  Agordino,  a  pyritic  segrega- 
tion is  worked  which  contains  cinnabar;  the  mineral  is  poor, 
yielding  only  J  per  cent,  of  quicksilver.  Cinnabar  also  occurs 
at  Stazijeina. 

Lead. — The  most  important  lead  mines  of  Italy  are  in  the 
island  of  Sardinia,  but  there  are  also  numerous  deposits  of  lead  ore 
ou  the  mainland,  although  they  have,  in  very  rare  cases  only,  given 
rise  to  mining  operations  up)n  an  extensive  scale.  In  the  mining 
district  of  Turin  the  production  of  lead  ore  was  in  the  year  1880 
confined  to  the  Tenda  Mine,  in  the  proN-ince  of  Cuneo.  The  ore 
produced  is  a  finely  granular  galena,  associated  with  copper  pyrites, 
iron  pyrites,  and  blende.  It  contains  about  70  per  cent,  of  lead 
with  a  little  silver;  its  production  in  1880  was  fifty-six  tonnes  of 
ore  worth  £-l'40. 

In  the  mining  district  of  Milan  the  Bnisimpiano  Mine  is  worked 
on  a  vein  from  three  to  six  feet  in  thickness  containing  galena, 
oorussite,  iron  pyrites,  jamesonite,  copi)er  pyrites,  and  malachite. 
The  !Murso  Alto  is  a  lead  mine,  worked  u]x>u  a  lode  twenty  inches 


^  O.  Jeryis,  "  D,-irOro  in  Xatnra,"  p.  68,  Turin,  1S81. 
■  C.  V.  Ernst,  "  Silbererzvorkonunen  in  Saniioien,"  CV* 
d  1S77,  No.  7. 
*  AVr.  I'nir.  vol.  xi.  p.  487- 


.  ,^„   ,,  ,  '  Octterr.  Zeiltekr.  1876,  Xo.  9, 

ttod  I?i  I,  >o.  t. 


•^^  tliickness  in  syenite  filled  with  quartz  and  hf-avy  spar.  The 
r^*-Xtaa  contains  70  per  cent,  of  lead,  and  is  ritdi  in  silver.  These 
*^ines,  together  with  the  Sotto  Ca,vallo  Mine  and  Casa  della 
^«^initTe  Mine  in  the  province  of  Como,  with  the  Lanzani  Mine 
<?ently  oi)ene<l  near  Bergamo,  produc-ed,  in  1880,  only  684  tonnes 
ore,  worth  £3,566. 
In  the  mining  district  of  Florence,  the  Bottino  Mine  is  the  only 
tie  which  deserves  mention,  on  account  of  the  occurrence  of  argenti- 
rous  galena.  In  this  mine,  which  was  probably  worked  by  the 
uscans  and  Romans,  the  hxle  courses  from  north-west  to  south-cast 
a  dip  of  55°  south-west,  and  consists  partly  of  finely  granular, 
tly  of  coarsely  crystalline  galena,  aU  varieties  of  which  are  equally 
ich  in  silver.  Fahlerz,  bournoiiito,  and  native  antimony  are, 
a  small  extent,  mixed  with  the  galena,  and  the  geodcs  some- 
mes  contain  crystals  of  rare  beauty.  The  gangue  is  quaiiz  mixed 
ith  slate.  The  country  rock  is  gneiss,  mica  schist,  or  talc  schist, 
PalfEozoic  age.  In  1880  the  prodiiction  was  6G1  tonnes,  worth 
£2,355.  No  other  lead  mines  on  the  It-alian  mainland  are  worthy 
of  particular  notice,  since  the  production  of  lead  ores  in  the 
Vicenza  district  was  for  the  same  year  oidy  11  tonnes,  worth 
£115. 

The  importance   of  Sardinia '  as  a  lead-producing   region  is 
[evident  from  the  fact  that  out  of  the  sixty  lexwl  mines  now  working 
in  Italy  fifty-four  are  in  that  island. 

The  lead  mines  of  Sardinia  may  be  divided  into  three  types. 

1.  Ore  masses  interstratified  in  Silurian  rocks,  as  at  the 
celebrated  mine  of  Monteporu. 

2.  Veins  traversing  Silurian  clay  slates,  as  at  Monfcevecchio. 

3.  Lodes  traversing  the  Silurian  limestones,  Malacalzetta,  near 
Iglesias,  represents  this  form  of  occurrence. 

The  Moutevecchio,  which  is  without  doubt  one  of  the  most 
important  lead  mines  of  Europe,  is  worked  on  a  wide  quartzose 
lode,  and  upon  several  leaders  of  less  import^ince.  The  former,  which 
is  called  the  Great  Lead  Lode  of  Monteveccluo,  traverses  the  Silurian 
8lat«,  ahnost  parallel  to  its  contact  with  the  granite  for  a  distance 
of  600  fathoms,  and  its  out^-rop  may  be  traced  in  a  straight  line 
for  a  distance  of  nearly  six  miles  from  east  to  west,  when  it  bends 
to  the  south-west ;  it  dips  70°  north.  The  ore  consists  of  galena 
mixed  with  blende,  iron  pyrites,  heavy  spar,  siderite,  and  copper 

'  Oest/^r.  Zfitnehr,  1872,  D.  3.  "  R«liuione  del  Depiitoto  ScUa  alU  Commisaione 
fl'incliiegtii  HoIIe  condizioue  deirindnstria  iniii«raria  uell'  laola  di  Sordeguo,  1871," 
~Tg.  und  HutUnm.  Zcil,  1879,  p.  105. 


the  mainland  the  mines  of  the  Valle  Seriana  and  of  the  Valle 
'^'Otiibana,  in    Lombardy,  may   be    mentioned,  but    three    mines 
y  on   the   Italian   continent   are   returned    as    productive    of 
"*ic  ores. 

At  Argentiera,  near  Auronzo,  on  the  Tyrolean  frontier,  zinc 
urs  in  irregular  deposits  in  Lower  Triassic  slate,  and  in  dolomitic 
^inestones  belonging  to  the  Middle  Trias.  Parre,  in  Bergamo,  is 
^Bvorked  for  ealauune  containing  40  per  cent,  of  zinc.  Costa  Jels, 
the  latter  mine,  has  been  recently  opened.  Up  to  the 
year  1S(38,  the  Argentiera  Mine  appears  in  the  official  returns 
with  an  average  annual  production  of  only  200  tonnes.  In  1869 
the  two  other  mines  are  noticed ;  their  production  began  with  120 
toiines  and  increased  year  after  year  until,  in  1879,  their  yield  was 
8,000  tonnes. 

The  deposits  of  zinc  ore  worked  in  Sardinia  by  the  lEalfidano 
Company  are  of  two  kinds,  but,  for  the  most  part,  tliej'  partake  of 
the  character  of  bedded  veins  ;  this  is  ttie  case  at  Malfidano,  Genna- 
Arenaa  and  Planu-Sartu.  Sometimes,  however,  they  occur  as 
cliimneys  of  ore  bearing  no  apparent  relation  to  the  stratification 
of  the  enclosing  limestone,  excepting  that  they  preser\-e  the  same 
dip,  which  is  nearly  perpendicular,  as  at  Plaueddu  and  Monte 
Reggio.  The  enclosing  limestones  are  supposed  to  be  of  Silurian 
age.  Tlie  most  important  of  these  deposits  is  that  of  Maltidano, 
discovered  in  1865,  which  contains  calamine,  blende,  galena,  and 
cerussite,  whieli  are  irregularly  mingled,  wnthout  any  recognisable 
order  of  succession ;  calamine,  however,  predominates  to  such  an 
extent  as  to  constitute  seven-eighths  of  the  whole.  The  deposit 
of  Mallidano  takes  the  form  of  an  immense  segregation  parallel 
to  the  stratification  of  the  limestone,  but  its  limits  have 
not,  as  yet,  been  accurately  determined.  This  deposit  appears  to 
have  two  branches,  in  the  more  important  of  which  the  calamine 
is  generally  distributed  in  chimneys  which  are  parallel  to  the 
bedding  of  the  limestone.  These  chimneys,  which  vary  consider- 
ably in  their  horizontal  dimensions,  have  sometimes  a  thickness  of 
sixty  feet.  When  several  of  these  unite,  which  is  not  unfrequently 
the  case,  the  ore  sometimes  extends  in  the  direction  of  its  strike  for 
a  distance  exceeding  fifty  fathoms.  In  other  cases  the  calamine 
is  distributed  in  branches  of  varying  thickness,  but,  in  both 
instances,  the  distribution  of  the  ore  follows  tlie  dtp  of  the  strata. 
It  is  on  this  branch  of  the  deposit  that  tlie  mine  of  Malfidano, 
properly  so-called,  is  situated,  as  the  other  contains  but  few  workable 
deposits. 
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At  Planeddu  the  deposit  has  the  form  of  an  inverted  truncato<i 
cone,  the  larger  base  reaching  the  surface,  where  it  presents  an 
of  about  1,400  square  yards;  thirty  fathoms  from  the  mrfa 
however,  the   area  becomes   reduced  to    132   square   yards,  ant 
below  that  depth  there  is  no  mineral  of  any  importance.     Thfl 
ore,   which    appears    to    be    to   a   large   extent   worked  out, 
principally  earthy  calamine  carrying  from  39   to   +2  per  cent 
of  zinc. 

At  Monte  Reggio  various  concentrations  of  calamine  occur  in 
dolomitic  limestone,  and  of  these  the  mass  bearing  the  name  of 
"  De  la  Rout^  "  is  the  mo-st  important.  It  measures  50  fathoms  in 
length  by  15  fathoms  in  width,  and  has  been  worked  to  a  depth 
of  25  fathoms  without  reaching  its  inferior  limit.  The  ore, 
for  the  most  part,  consists  of  white  calamine,  w^hich  is  neatly 
pure  carbonate,  and  of  yellowish  calamine,  covered  with  iTystftis 
of  silicate  of  zinc.  With  these  are  associated  calcite  ajiil 
a  ferruginous  gossan  containing  a  small  proportion  of  zinc. 
The  ores  obtained  from  this  mine  are  rarely  or  never  associated 
with  metallic  sulphiilcs,  Tlie  Geniia-Arenas  Mine,  to  the  west  of 
Monte  Re^'gio,  has  not  been  wrought  to  any  considerable  extent, 
but  the  deposit  consists  of  lenticular  masses,  either  isolated  or 
connected  by  branches  of  calamine. 

The  Plauu-Sartu  concession  contains  two  separate  deposits, 
known  as  the  north  and  south  ore  bodies.  With  the  exception  of 
Slalfidano,  the  south  body  is  the  most  important  as  well  as  the 
most  regular  deposit  belonging  to  the  company.  Its  general  strike 
is  north  25"  east,  and  its  outcrop  can  be  traced  for  a  distance  of 
185  fathoms,  and  is  from  20  to  25  fathoms  in  width.  At  the  surface 
the  ore  forms  a  series  of  lenticular  masses,  arranged  like  a  string 
of  beads  parallel  to  the  bedding  of  the  enclosing  limestone.  In  deptli 
the  walls  of  these  ore  bodies  approached  each  other  in  such  a  way 
that  it  w.'is  at  one  time  feared  they  were  about  to  give  out- 
Subsequent  explorations,  however,  showed  that  at  still  greater! 
depths  there  are  vein-like  masses  of  considerable  thickness,  andot] 
greater  regularity  than  are  usually  found  in  deposits  of  calamine. 
Five  of  these  varying  from  4h  to  15  feet  in  width  have  been 
met  with, and  have  been  remarkable  for  their  continuity  in  depth; 
at  some  points  they  opened  out  to  a  width  of  nearly  forty  feet 
The  colour  of  the  ure  varies  from  w!iito  to  nearly'  black,  and  the 
texture    is   as    variable   as  the   colour.      Tli--    n..rlK~'  whichl 

is   parallel  and    analogous   to   the    south,  un- 

productive. 
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The  following  statistics  relative  to  the  production  of  zinc  ores 
the  island  of  Sardinia,  will  setvo  to  indicate  the  progress  of  this 
idostry  since  its  commencement  in  18U5.* 


Y«ur. 

So.  ofMinM. 

TeuMsa  or  Ora 
rmdueeil. 

So,  at  Mtnen 

18«S 

1 

449 

85 

1870 

S 

t)-2,0M 

2,192 

1875 

13 

f.8,lG5 

2,316 

1879 

24 

63,039 

2,713 

1880 

^~ 

67,551 

^~ 

Copper. — In  the  Aosta,  Valley,  mining  district  of  Turin, 
situated  the  copper  mines  of  San  MarccUo,  Champ  de  Praz, 
id  Ollomont.  The  latter,  which  is  of  especial  importance,  was 
>pened  at  tlie  beginning  of  the  last  centurj'  ;  the  ore  being  a 
capriferous  iron  pyrites  containing,  on  an  average,  3  per  cent,  of 
popper.  The  deposit  occurs  in  chloritic  schist  associated  with 
grauite,  and  is  conformably  stratified,  its  course  being  north- 
west, with  a  dip  of  40°  towards  the  south-west ;  the  gangue 
consists  of  quartz,  hornblende,  chlorite,  talc,  and  calc  spar.  The 
other  copper  ore  deposits  in  the  Alps  are  of  no  special  im- 
porUince.  Three  mines  were  working  in  this  district  in  1880,  the 
production  during  that  year  being  2,404  tonnes  of  copper  ore, 
■worth  £0,696. 

In  Ligijria,  mining  district  of  Genoa,  the  mines  of  Monte  Loreto,  Le 
Cascine,  and  Libbiol.i,  may  be  mentioned  as  fairly  productive.  These 
are  worked  on  copper  pyrites  and  cupriferous  iron  pyrites,  occurring 
in  veins  of  quartz  and  calc  spar,  enclosed  in  serpentine  and  diorite. 
The  Loreto  Mine  was  opened  in  lH,i7,  and  old  Roman  workings,  of 
which  there  is  no  record,  were  then  discovered,  Le  Cascine  is  worked 
by  an  English  comitany.  Libbiola  lijis  been  worked  since  1866.  In 
1874  a  depth  of  about  seventy  fathoms  had  been  attained,  and  the 
adits  and  levels  had  then  a  total  lengtli  of  2,187  fathoms.  The  ore, 
•which  contains  from  7  to  12  per  cent,  of  copper,  goes  to  Swansea. 

The  total  production  of  the  three  copper  mines  in  the  mining 
district  of  Genoa  was,  in  1880,  .5,662  tonnes,  worth  £17,095. 

In  the  mining  district  of  Vicenza,  in  the  Cordevole   Valley, 
is   the  ancient  mine  of  Agordo,'  worked  on  a  thick  deposit  of 

•  "  Notbiie  Statistiche  suHn  Industria  Mincram  in  Italiu  dal  1860  al  1880, 
Rome.  1881. 

*  B.  T.  CotU,  Berg,  und  Hiittenm.  Zeit.  1862,  p.  ■125.  Bau«r,  Oeattrr.  ZtiUehr. 
1663,  p.  101.     B.  Walter.  Octterr.  ZeUichr.  1883,  p.  1 1 4.     A.  St.  SclimiJt,  Berg.  iinU 
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to  G.  V.  Ralb,  wFo"i8~of  opinion  that  the  serpentine  was  originally 
a  cupriferous  uliviue,  and  that,  on  its  conversion  into  serpentine, 
dislocations  :ind  contortions  in  the  bedding  took  place.  The  lode  is 
enclosed  in  a  very  brittle  red  gabbro,  and  is  filled  with  broken 
fragments  of  that  rock,  together  with  pieces  of  diorite,  euphotide, 
ophidlite,  and  serpentine.  It  courses  from  east  to  west,  at  first 
with  a  dip  of  45°  nortli  ;  but  later,  at  a  depth  of  sixty  fathoms,  it 
turns  over  to  the  south,  and  at  this  point  the  vein  is  above  ninety 
feet  ill  tliickuess.  The  pure  ore  contains  Cu  32'79,  Fe  29'75,  S 
36'ln,  Gangue  '86  per  cent.,  and  averages  from  20  to  30  per 
cent,  for  copper ;  native  copper  also  frecpieutly  occurs. 

This  lode  was  worked  by  the  Etruscans  ;  but  under  the  Romans 
mining  was  less  actively  carried  on,  as  the  Tuscan  mines 
could  not  compete  with  the  richer  workings  of  Spain  and  Cyprus. 
Monte  Catini  was  also  worked  during  the  early  middle  ages,  but 
was  brought  to  a  standstill  by  the  plague  in  1630,  and  the 
•rorkings  were  not  subsequently  resumed  for  more  than  a  century. 
The  third  epoch  of  the  prosj)erity  of  this  mine  is  of  compara- 
tively recent  date. 

The  Etruscans,  with  their  narrow  shafts  and  contnicted  levels, 
penetrated  only  into  the  uppermost  rich  horizon  ;  in  the  middle  ages 
the  workings  were  deeper ;  while  recently  they  have  reached  a  depth 
of  170  fathoms.  In  the  year  lS45,  !)00  tjiiuos  of  ore  were  produced, 
containing  30  per  cent,  of  copper,  and  in  1850,  the  production  reached 
3,000  tonnes.  Many  liorizons  were  then  wrought  at  the  same  time, 
and  several  of  the  richest  were  worked  out,  while  corresponding 
riches  were  not  met  with  in  depth.  In  this  way  the  production 
quickly  became  reduced,  and  in  1870  the  mine  was  stopped  in 
consequence  of  a  lawsuit.  Since  that  period,  however,  under 
the  direction  of  M.  A.  Schneider,  the  annual  pri>duction  again 
reached  from  1,000  to  1,200  tonnes.  According  to  Reyer,'  the 
eniptive  rock-mass  with  which  the  ore  is  associated,  is  surrounded 
by  more  recent  marls,  and  consists  principally  of  red  gabbro,  which 
in  places  becomes  green  and  resembles  serpentine;  the  miner, he 
states,  erroneously  calls  the  green  eruptive  masses  "  serpentine," 
and  the  red  "  gabbro."  On  the  south  fiank  of  this  igneous  mass, 
between  the  eruptive  rock  and  the  marls,  the  famous  copper  deposit 
occurs ;  it  courses  east  and  west  for  a  distance  of  about  300  fathoms, 
and  is  rich  in  ore  so  long  as  it  traverses  the  eruptive  mass. 

The  engine  shaft  is  172  fathoms  in  depth,  passing 
tlirough  the  emptive  rock,  the  ore  deposit,  and  lastly  into  the 
>  E,  Keyw,  Btrg.  and  JliUUnm.  Zfit.  1882.  p.  825. 
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Fii^s.  OS  aril  C-'»,  after  A.  v.  Gp>Weck,  represent  two  vertical 
»;ctions  of  tilt  MoKtt  Catini  c>>pi*r  dep>5it  in  which  a  ismela- 
phyr'j,  h  seqjtntine,  c  cori^/loiuerate  of  melaph\Te  and  serpentine,  d 
Vum-.Htoui:  and  riiarl,  and  f  nias«*.-s  f-f  c>>pper  ore. 


I'°|ii.  ii'.i. — Mi'Utv  Ciitiui  ;  trausvtrse  sici-tinn. 


Tin-  i  !a|Miiiii<;  V'l-ccliii!  «'t»i>iKjr  mine  also  appears  to  have  been 

worktMl  liy  llu'  Ktiiiscjins,  l>'  ••  reopened  1846.    The  ore  is 

(•i)|t|Mtr  pyriN'H  <"  as  country  rock  ;  the  lode 

cour.sf.s    fn)ni  east.     The  ore  usually 


contains  Cu  1801,  Fe  43-33,  and  S  3035  per  cent.,  with  traces  of 
gplii.  SevemI  other  copjier  mines  are  working  in  Tuscany,  but  they 
are  all  of  stibordinateimiwrtauce.  I'he  total  proiluctiou  of  tlie  Tuscan 
copper  mines  in  1880  was  9,361  tonnes  of  ore  worth  £40,673. 
lu  1879  thirteen  copper  mines  were  at  work  in  Italy,  employing 
1,366  miners,  ami  producing  20,751  tonnes  of  ore. 

Tln.' — Early  in  the  year  1875,  during  the  prosecution  of  some 
excavations  for  haematite  in  the  vicinity  of  Campiglia  Marittima, 
masses  of  a  heavy  material  attracted  the  attention  of  the  foreman 
in  charge  of  the  work,  wlio,  on  account  of  its  unconiniou  weight, 
put  aside  a  piece  of  the  stone.     Some  fragments  of  this  miueral 
liaving  come  under  the  notice  of  M.  Blauchord,  a  French  mining 
engineer,  he  forwarded  them  to  London,  where  they  were  found 
to  consist  of  cassiterite  associated  with  calcite  ami    ferric  oxide. 
Campiglia     Marittima    is   a    small    town    situated    about    four 
English  miles  from  the  Tuscan  coast,  and  thirty-five  miles  south- 
east of  Leghorn.    It  was  in  one  of  the  excavations,  made  either  by 
the  Etruscans  or  Romans,  two  miles  south-oast  of  Campiglia,  that 
this  discovery  of  cassiterite  was  made.     This  ancient  mine,  now 
know  n  as  the  Cento  Camerelle,  consists  of  a  number   of  small 
/excavations   connectetl    by   galleries    cut    out    of  ha?iuitite    and 
limestone  in  the  flanks  of  Monte  Fumacchio.     The  iufiitration  of 
calcareous  waters  during  twenty  centuries  had  here  deposited    a 
stalagmitic  crust,  of  from  five  to  ten  inches  in  thickness,  on  the 
"walls,   and    it    is   not   improbable  that  the  mine  was  abandoned 

E-  the  destruction  of  ropulunia  by  Sylla.  During  the  middle 
no  mining  was  carried  on,  and  in  1858,  when  M.  Blunehard, 
mpanied  by  M.  Simunin,  visited  the  mine,  they  found  it  in- 
lijibited  by  legions  of  bat.s,  while  on  the  tioor  had  accumuhited 
a  deposit  of  guano,  sufficient  to  form  the  object  of  an  industrial 
enterprise.  In  1872  M.  Chnrlon  commenced  excavations  for 
j  haematite,  but  iu  1HT3  the  property  came  into  the  hands  of  the 
oresent  owners,  and  was  worked  for  iron  ore  upon  a  considerable 

te.  A  tin  lode  was  discovered  about  forty-five  feet  west  of 
most  extensive  ancient  workings.  Its  direction  was  at  first 
nearly  east  and  west,  but  it  varied  greatly  both  in  size  and  strike, 
while  the  cassiterite  was  occasionally  wholly  replaced  by  hisematite. 
The  surrounding  limestone  is  of  Lower  Liassic  age,  and  as  the 
excavations  proceeded  it  was  found  that  the  cassiterite  came  from 
a  horizontal  bed  of  iron  ore  in  which  the  Cento  Camerelle  ha^l  been 
excavated.  On  the  outer  borders  of  tliis  the  tin  ore  made  its 
I  >  Iron,  vol.  xiv,  1879,  p.  166  ;  E.  Eeyer, 
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appearauce  in  irregulai"  pockets,  and  in  fissures  in  the  limestone. 
It  thus  became  evident  that  the  workings  might  have  been  made 
for  the  extraction  of  caasiterite,  and  when  thej  were  at  length 
reached,  there  were  found,  upon  removing  the  concretions  from 
the  walls,  more  or  less  abundant  traces  of  that  mineral  In  1877 
twenty-one  tonnes  of  tin  ore  were  obtained  from  tliis  mine. 
Another  mine  on  the  east  of  the  Monte  Fumacchio  prodiic«i, 
in  1877,  several  tonnes  of  tin  ore  of  an  inferior  quality.  These 
mines  produced,  in  1878,  31  tonnes  of  tin  ore,  worth  £384, 
1879,  two  tonnes,  worth  £1G,  and  in  1880,  16  tonnes,  wor 
£128. 

Manganese. — Manganese  ores  occur  principally  in  Lignr 
Tuscany,  and  the  island  of  San  Pietro  on  the  south-west  coast  i 
Sardinia.  In  the  first-mentioned  province  they  occur  stratified  in 
Tertiary  rocks,  while  at  San  Pietro  they  are  enclosed  in  trachytic 
tuffs.  They  are,  for  the  most  part,  worked  in  a  very  primitive  waj 
and  have  never  given  rise  to  mining  upon  au  extensive  ec&lajl] 
Some  of  the  ores  of  Sardinia  only  are  of  importance  on  account 
their  high  percentage  of  peroxide.  Jenis  give.9  a  list  of  teo| 
manganese  mines  working  in  Italy  in  1881.  The  Praboma  Mine 
in  the  province  of  Turin,  i.s  worked  for  hausmannite,  pvroluait 
and  raanganite;  the  deposit  being  2+  feet  in  thickness 
enclosed  in  a  chloiitic  schist.  At  Cerchiera,  in  Genoa,  the 
is  amorphous,  compact,  of  a  violet  black  colour,  mixed  with 
red  hiematite,  and  traversed  by  strings  of  calc  spar,  fomuo 
bed  twenty  inches  in  thickness. 

At  Monte  Argentario,  in  the  pro\'ince  of  Grosseto,  a  brown ' 
ore  very  rich  in  manganese  occurs ;  it  was  extensively  worked  from 
1874  to  1879,  and  the  workings  were  resumed  at  the  close  of 
year.    The  richer  ore  contains  from  30  to  39  per  cent,  of  num| 
and  from  4  to  1 1  per  cent,  of  iron  ;  the  poorer  kind  contains 
30  to  35  per  cent,  of  iron,  and  about  18  per  cent  of  manganese. 
It  is  chiefly  sent  to  England  for  making  ferro-mangancse. 

At  Capo  Becco  and  Capo  Rosso,  in  the  island  of  San  Piet 
there  is  a  bed  of  pyrolusit*  twenty  inches  in  thickness  cont 
60  per  cent,  of  manganese.      The  ore  is  much  in  demand 
chemical  purposea 

Iron*. — Although  rich  in  iron  ores,  which  were  worked  even  i 
pre-historic  times,  Italy,  on  account  of  the  want  of  mineral  fuel,  d« 
not  produce  a  sufficient  amount  of  iron  to  meet  the  re-quirements 
of  the  cuuntry.  The  most  important  iron-mining  districts  are 
situated  in  Piedm  ad  the  i&land  of  Elba. 
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Piedinoat  was  formerly  an  important  iron-producing  country. 
Veins  of  magnetite  occur  in  tlie  Aosta  Valley,  at  Cogne,  and  at 
Traversella,  which  formerly  gave  rise  not  only  to  numerous 
iron  mines  but  also  to  the  erection  of  Wast  furnaces.  The 
Lacony  Mine  in  the  Cogue  Valley  is  mentioned  so  long  ago  as 
the  year  1300.  This  very  extensive  deposit  varies  from  66 
to  J)8  feet  in  tliickness,  and  consists,  principally,  of  compact 
magnctile  free  from  pyrites.  The  ore  is  of  excelk-ut  quality 
and  yields  about  50  per  cent,  of  iron,  being  interbedded  between 
yellowish  limestone  and  talc  schist.  The  Larcinaz  Mine  lies  north 
of  the  preceding,  and  has  been  opened  ou  the  continuation  of  the 
same  deposit  of  magnetite.  Spatliic  iron  ore  occurs  in  the  vicinity 
of  the  limestone,  and  asbestos  is  fouml  in  both  mines.  The  St. 
Oyen  Mine,  in  the  Great  St.  Bernard  Valley,  was  worked  by  the 
Government  from  1825  to  1831,  but  was  then  handed  over  to  a 
private  company.  Both  spathic  iron  ore  and  magnetite  me 
obtained  in  this  mine,  and  limonite  occurs  in  the  neighbourhood 
of  the  outcrop. 

One  of  the  most  important  iron  ore  deposits  in  Italy  occurs  in 
the  Chiusella  Valley,  and  is  now  being  actively  worked.  In  1835 
there  were  at  Traversella  in  this  valley  80  iron  mines,  which  produced 
7,837  tonnes  of  ore,  yielding  3,374  tonnes  of  cnst  iron.  Ten  years 
later  the  production  had  risen  to  10,000  tonnes,  but  subsequently 
again  declined  to  l.^OO  tonnes.  At  the  present  time  only  fi\e 
mines  are  in  operation,  Crystalline  magnetite  with  a  granular 
structure,  yielding  from  40  to  60  per  cent,  of  iron,  forms  the  mass 
of  the  celebrated  deposit  of  TravLiscllii,  which  coiirses  from  north- 
west to  south-east  and  has  an  almost  perpendicular  dip.  The  ore 
forms  beds,  or  perhaps  contact  veins,  in  greenstone,  and  is  aecojn- 
panied  by  dolomite,  cakite,  quartz,  and  chlorite.  A  rock,  containing 
garnets  and  quartz,  divides  the  main  mass  of  the  deposit  into  two 
parts.  Copper  pyrites,  compact  iron  pyrites,  galena,  and  a  great 
number  of  other  crystallized  minerals,  which  are  represented  in 
all  the  principal  mineral  collections  of  Europe,  have  made  this 
deposit  universally  famous. 

In  1880  the  mining  distiict  of  Tuiin  produced  1,813  tonnes  of 
iron  ore,  representing  a  value  of  £880. 

Iron  occurs  in  Lombardy  as  magnetite  at  Zebru  and  Saviore  ;  as 
rxrhre  in  the  older  slates  near  Bormio,  and  lastly  in  the  Triassic 
dolomites  as  spathic  iron  ore ;  the  hist  only  being  of  importance, 
Tliia  mineral  occurs  regularly  stratified,  in  beds  varying  from  a 
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few  inches  to  nine  feet  in  thickness,  in.  the  lower  Triassic  sand- 
stones as  well  as  in  the  clay  slates  above  them.  Veins  of  this  ore 
also  occur  beneath  the  Trias,  but  they  ai-e  only  of  subonlinate 
importance.  The  iron-ore  zone  extends  from  east  to  west  for  a 
distance  of  from  nine  to  twelve  miles  into  the  mountains;  the 
annual  production  being,  on  an  average,  about  25,0(i0  tonnes. 
The  most  important  mines  are  at  Pisogue,  ia  Valc<iuiouica,  i 
Val  di  Scalve,  and  in  Val  Trompia. 

In  Sardinia  liEEuiatite  occurs  in  the  Silurian  rocks  of  Acqu 
Perdaaterria,  and  Fuiitanaperda  near  Iglesias;  magnetite  in  Perdi 
Niedda  and  Sau  Leone,  to  the  west  of  the  Gulf  of  CagUari. 
these  only  San  Leone  has  attained  any  importance.    The  i 
from  this  locality  contains  ab<jut  54  Fe,  1*12  Si  Oj,  "76  .  I 

01 05  P  per  cent.     The  main  lode  courses  from  north  to  south 
and,  in  the  west,  closely  approaches  the  granite,  which  assumi 
the  character  of  syenite.     Jcrvis  is  of  opinion  that  the  n^k  accoi 
panying  these  magnetite  lodes  is  contemporaneous  with  the  greeu- 
stones  of  the  Alps,  and  especially  with  the  serpentines.    Subon 
veins  of  magnetite  traverse  the  main  lode  from  north-north-* 
to  south-south-east,  and  from  north-north-east  to  south-soutl 
while  at   the   crossings  rich   ore   deposits  occur.     The   wid' 
these  sometimes  reaches  26  feet    On  the  foot  wall  the  gangue 
is  ([Uartzose ;   while  on   the   hanging  wall  is  magnetite  vi 
from    20    to   33    feet   in   thickness,   mostly  mixed   with   garnel 
Tlie  hanging  wall  consists  of  quartzose  slate,  which  ia  sepani 
from  the  lode  by  a  distinct  clay  selvage.     As  long  as  the  ore  was 
worked  by  open-cast  it  yielded  a  profit,  but  when   an  adit  1 
to  be  driven,   the   production,  which  was  formerly  considerabl 
sank  in  1877  to  13,300  tonnes,  while  in  1879  and  1880  no  returns 
were  made. 

The  iron  ores  of  Elba  occur  in  veins  and  more  or  leas 
irregular  beds  along  the  east  coast  of  the  island,  and  are  worked  at 
five  different  mines,  namely ;  Rio  Albano,  Vigneria,  Rio,  Terra- 
nera,  and  Caiamita.  Of  these  Rio  Albano,  Vigneria,  and  Rio,  are 
the  mo.st  iniporUmt.  The  mineral  consists  of  oxides  of  iron ;  nam 
haematite,  liraonite,  red  iron  ore,  and  magnetic  iron  ore,  with  sideril 
the  gangue  is  quartzose,  and  iron  pyrites  is  often  present.  The  ii 
ore  is  found  in  bods  from  (iO  to  100  feet  in  thickness.  The  rock  is 
mostly  sihceous  slate,  which  in  places  is  overlain  by  limestone, 
age  of  which  has  not  been  determined.  The  ore  is  obtained 
open-cast  workings,  and  more  than  1,000  miners  are  employed. 
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The  production  of  the  different  mines  in  the  year  1879-1880 

■was  as  follows : — 

Tonnes. 
Rio  Albano 32,185 

Vigneria 20,192 

Rio 191,963 

Terranera •    17,909 

Calamita 12,083 

Total     274,322 

The  total  production  of  the  island  of  Elba  in  the  year  1880-1881 
was  403,215  tonnes.  The  Italian  Government  is,  however,  reported 
to  have  now  restricted  the  exports  of  iron  ore  from  Elba  to 
250,000  tonnes  yearly. 


SUMMAKT  OF  THE  PaODUCTION  OF  METALLIFEROUS  MiNEKALS  IN   ItALT 
DURING  THE  YbaK  1880.* 


Deacriptton  of  Ore. 

QuantitleB. 

Values. 

Iron  ore  

Zinc  ore     

Lead  ore 

Copper  6re 

Silver  ore 

Gold  ore 

Qaicksilver,  metallic    .   . 

Manganese  ore 

Antimony  ore 

Iron  pyrites 

Tin  ore   

Tonnes. 

290,974 

76,089 

87,655 

82,299 

1,802 

11,709 

116,940  Kg 

6,506  T. 

402 

4,663 

16 

Lire. 

3,127,848 

4,397,816 

9,096,197 

1,754,819 

2,229,169 

692,479 

679,700 

214,390 

80,400 

56,769 

3,200 

126,114 

176,912 

863,848 

70,192 

89,166 

23,699 

23,188 

8,576 

8,216 

2,270 

128 

Total  Talne  of  Metallireroos  Minerals 
produced  in  1880 

22,132,777 

885,308 

GREECE. 

But  little  is  accurately  known  relative  to  the  geology  of  Greece.* 
The  lowest  beds  consist  of  crystalline  schists  and  granular  lime- 
stones, in  which  no  vestige  of  either  animal  or  vegetable  life  has 

1  "  Notizie  Statistiche  sulla  Indnstria  Mineraria  in  Italia  dal  1860  al  1880," 
p.  406,  Rome,  1881. 

•  A.  Cordelia,  "  La  Grfece  sons  le  rapport  gdologique  et  niin^ralogique,"  Paris, 
1878;  Ibid.  "  Le  Laurium,"  Marseilles,  1869;  Ibid.  "  Mineralogisch-geologischc 
Beiaeakizisen  ans  Griechenland,"  Berg.  und.  HiUUnm.  Zeit.  1883,  pp.  21,  35,  41,  57  ; 
Ihid,  "  Description  des  prodnits  des  Mines  dn  Laurium  k  la  troisi^me  periods 
Olympienne,"  Athens,  1876  ;  Ibid.  "  Vltfli  r&y  CKupiSv  koI  ti,s  McroAAov/ryiKq* 
JUofofXai'i'a  in  'EAAiSi,"  Athens,  1865. 
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been  found.  After  careful  examination,  Cordelia  has  arrived  si 
the  conclusion  that  the  marbles  of  Pares  and  Laurium  are  entirelv 
destitute  of  fossils.  The  siliceous  limestones  of  the  Peloponnesus, 
forming  the  base  of  the  Secondary  rocks,  are  without  fossils,  and  it 
appears  to  have  been  assumed  that  these  crystalhne  sedimentaiy. 
formations  likewise  belong  to  that  period,  the  fossils  which  tha 
origitiaiiy  contained  being  supposed  to  have  become  affected 
the  action  of  agencies  which  eventually  resulted  in  their  di^T 
appearance.  The  greater  portion  of  the  Cyclades,  Euboea,  and  » 
large  proportion  of  the  continent  of  Greece  consists  of  such  nvb, 
which  sometimes  rise  to  an  elevation  of  6,500  feet  above  tbc 
level.  Among  these,  crystalline  mica  schists  predominate. 
metalliferona  mica  schist  of  Laurium  is  composed,  accordiq 
to  recent  studies  of  M.  Szab5,  of  a  mixture  of  biotite 
andesine,  and  has  a  speciSc  gravity  of  2'60.  M.  Sanvage 
the  pliyllites  of  Mount  Pentelicus  as  of  Cretaceous  age,  and  basw 
this  ojiiuion  on  the  discovery  of  a  fossil  belemnite.  Dr.  Neumaye 
agrees  witli  this  hypothesis,  having  in  1873  found  a  Cretaceous  foi 
in  the  vicinity  of  tiie  Acropolis.  The  numerous  quarries  of  crji- 
talline  Hraestones  near  Laurium  have  not  yet  shown  a  single  trace 
of  any  organism  excepting  a  jmrtially  obliterated  cast,  found  by 
Cordelia,  resembling  a  Silurian  crinoid ;  there  is  consequent!} 
great  difficulty  in  determining  the  age  of  these  rocks. 

The  oldest  known  foasiliferous  rocks  probably  belong  to  ll 
Cretaceous  age,  and  it  hence  appears  that  there  must  be  in  Greeo 
a  considerable  gap  in  the  geological  succession.    Silurian,  Devonia 
Carboniferous,  Pei-mian,  Triassic,  or  Jurassic  rocks  have  not  befl 
discovered.     The  Tertiaiy  rocks  of  Greece,  which  are  well  repr 
sented,   compose  the   northern  portion  of  the   Peloponnesus, 
a  large  part  of  the  mainland  and  of  the  Ionian  Islands,  as  w^ 
as  of  many  of  the  Cyclade.s.     On  account  of  their  regularity : 
the  number  of  well    preserved   fossils  which   they  contain,  th 
present  a  less  ditficult  geological  study  than  do  the  Seconds 
rocks.     The  most  characteristic  rocks  of  Greece  are,  however, 
eruptive  origin,  principiilly  trachytes.     The  plutonic  rocks  include 
granite,   poqAjTy,  and   serpentine.      Among   the  volcanic  ser 
are  such  rocks  as  obsidian,  perlite.  and  pumice. 

The  milling  industry  of  Greece,  previously  very  limited 
modern  times,  after  being  abandoned  for  2.000  years  began  to 
re-devcIopcd  in  ISOl,  the  date  of  the  promulgation  of  mining  la 
based  on  the  French  ''  In  18G4  a  company  was  form* 

HilarioQ,  Rov"  ancient  lead  slags  of  Laurium: 
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and  ill  An^isf.,  1875^  Ihe  Soru'U  Fran^aue  des  ^f^nrs  du  Lanrium 
was  estiiblisLeil  with  a  nuiuinal  capital  of  13,.500.UU0  francs. 

Gold. — Gold  is  found  in  the  sands  of  the  rivers  near  the  town 
of  Skyros,  and  in  the  vicinity  of  the  village  of  Doliana,  in  the 
Peloponnesus  there  is  a  bed  of  iron  pyrites  containing  a  little  gold. 
This  metal  also  accompanies  silver  in  argentiferous  galena ;  but  the 
known  occurrences  of  gold  alone  are  of  no  commercial  importance. 

Lead,  Silver,  and  Zinc*. — Ores  of  leail,  silver,  and  zinc,  are 
the  principal  mineral  products  of  Greece,  but  as  they  constantly 
occur  associated  in  the  same  deposit  it  becomes  impossible  to 
describe  them  separately.  Silver  has  not  as  yet  been  found  in  a 
native  state,  but  occurs  in  association  with  lead  in  variable 
proportions.  In  the  lead  from  the  Laurium  mines  the  average 
percentage  of  silver  is  greater  than  in  that  from  any  of  the  other 
mines  of  Greece.  In  the  latter  the  masimum  may  be  taken  at 
'25  per  cent.  (81^  oz.  per  ton),  while  at  Liutrilim  the  maximum 
sometimes  reaches  1  ]>er  cent.  (826  oz.  13  dwt.  8  gr.  per  ton),  and 
never  falls  below  ■!  per  ceut. 

Argentiferous    lead    ores    occur   in    micA  schists,   Hmestonesj 

nites,  aud  trachytes,  sometimes  as  irregular  masses,  and 
sometimes  in  the  form  of  lodes.  Calamiue  was  discovered  by 
Cortlella  at  Laurium  in  1870,  and  occurs  both  as  masses  and  as 
independent  veins  in  limestone,  being  sometimes  mixed  with 
argentiferous  leiul  ore. 

The  principal  mineral  district  is  that  of  Laurium,  at  the  southern 
extremity  of  Attica.  The  rock  is  cluefly  a  crystalline  schist,  in 
which  are  conformably  interstratified  subordinate  beds  or  irregular 
lenticular  masses  of  crystalliuc  Uuiestoue.  These  strata  have 
been  broken  through  by  granite,  porphyry,  and  by  more  recent 
igneous  rocks,  tu  the  intiuence  of  which  the  accimndation  of 
metalliferous  minerals  is  generally  ascribed.  The  ferruginous, 
plumbiferous,  aud  zinciferous  deposits,  which  have  followed  these 
outbursts,  have  filled  fissures  and  cavities  in  the  limestone,  and 
have  also  accumulated  at  the  point  of  contact  of  the  limestone  with 
mica  schist,  thus  forming  irregular  masses.  In  mica  schist  the  ore 
generally  occurs  in  the  form  of  veins,  but  it  is  difficult  to  detennine 
whether  these  wore  fonned  at  the  same  time  as  the  metalliferous 
enclosures,  or  whether  they  were  subsequently  produced.  At 
Camaresa,  the  centre  of  the  operations  of  the  xSocifU6  des  Mines  du 
Laurium,  one  of  the  beds  has  been  proved  to  be  metalliferous  over 
an  area  of  a  mile  and  a  half  square,  and  the  contact  deposits  vary 
from  three  to  twenty-two  feet  in  thickness,  while  parallel  ore-bearing 
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beds  aro  found  at  various  levels.  Four  of  these  were  known  U)  tli« 
ancients,  and  the  existt^nce  of  others  below  their  deepest  workingi 
has  Ix'on  shown  by  recent  investiyaliuus.  The  ores  cun-si^t  of 
galena,  ceriissite,  blonde,  and  zinc  c^rb«jnate,  associated  witli  bi1- 
phides  and  carbonates  of  copper,  iron  pyrites,  and  spathic  iron  ore. 
Generally  speaking,  the  main  portion  of  the  ore  1km] ies  consistg 
of  galena  more  or  less  mixe<I  with  blende,  while  carbonate  of  ane 
occurs  partly  on  the  wails  and  partly  as  sepirate  deposits.  A 
minerrd,  adarnine,  a  zinc  oliveuite,  appears  to  be  charactoriatic 
the  ore  deposits  of  this  locality. 

Tiie  iniues  of  Laurium  were  worked  by  the  ancients  with 
skill  and  jxirseverance.  the  ore  having  been  reached  by  tneaas 
numerous  vertical  and  inclined  shafts.  Adit  levels  were  not 
employed,  as  not  only  was  the  topography  of  the  country  unfavour- 
able to  their  construction,  but  the  dryness  of  the  mines  also  rendered 
them  unnecessary.  The  working  of  the  ancient  mines  was  sys- 
tematically conducted,  the  ore  having  been  extnvc-tetl  from  the  veiiu 
by  stoping  from  one  level  to  another,  and  from  the  beds  by  jiilW 
and  stall.  When  the  ore  was  comparatively  pure,  it  was  all  removed 
and  pillars  of  dry  masonry  were  substituted,  but  when  the  galem 
was  much  mixed  with  blende,  forming  an  intractable  mixture  for 
smelting,  pillars  of  veinstone  were  left  standing.  In  the  tlii  1  • 
beds  two  floors  were  sometimes  established,  as  is  now  the  pracut 
in  working  thick  coal  seams.  The  extractioQ  of  the  ore  wu  TOJ 
complete,  as  even  the  metalliferous  wall  rock  was  invarwlik 
removed.  Dry  masonry  appears  to  have  been  exclusively  employi 
in  the  few  cases  in  which  the  walU  or  roof  needed  su 
Tlie  tools  used  were  picks,  bars,  and  sledges,  but  fire-settiif 
does  not  appear  to  have  been  resorted  to  for  disint-egrating  the  rock, 
which  is  not  well  suited  for  the  employment  of  that  pronA 
Traces  of  the  use  of  tools  are  constantly  met  with,  and  an  iron  girl 
found  by  M.  Cordelia,  although  coraplet^oly  oxidized,  still  retainwl 
its  shape. 

The  ore  was  carried  up  the  inclined  shafts,  probably  in  skin 
sacks,  and  the  water  must  have  been  got  rid  of  in  the  same  way. 
In  the  inclines,  the  steps  up  which  the  men  went  are  still  visible, 
as  well  as  are  numerous  niches  for  lamps,  many  of  which  have  been 
found  in  place.  From  the  circiimstance  that  heaps  of  vein-stuff,  Jbcw 
Burround  the  perpendicular  shafts,  M.  Cordelia  is  of  opinion  ill 
the  windlas«  and  pulley  were  to  some  extent  employed  for  hoisti 
These  shafts  also  served  for  ventilation,  and  at  the  top  of  aoiae 
them  a  sort  of  chimney  has  been   found,  in  which  a    fire 
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>bably  built  to  increase   th«  lutural   dmil&Uoa  oi 
ipest  shaft  mentioneii  was  395  feet  in  depth,  bui  non 
;hed  the  sea  level.     A  portion  of  tbe  0(9  reiBored  from  the 
le  at  this  early  pjrioJ  was  too  poor  to  admit  of  being  eeonoin»c»Ilj 
jielted,  and  was  coosequeacly  subjecteil  to  a  process  of  coooeik^ 
ktion.     Some  of  the  appliances  used  for  this  purpose  haw  been 
lod  under  the  slag  heaps  in  a  tolerable  stete  of  pnservatioB. 
Water  was  scarce  at  Laurium.  and  large  reserroirs  were  built 
the  purpose  o(  storing  a  sufficient  supply ;  these  wen?  so  strongly 
structeil  that  they  might  even  now  be  employed  for  the  purpose 
which  they  were  originally  designed.    The  washing  apparatus 
so  planned  as  to  admit  of  the  water  being  tised  over  again 
itinuously,  and  consisted  of  a  sluice,  some  seventy  feet  long, 
jvided  in  its  length,  at  intervals,  with  small  reservoirs  or  wells. 
Bt4^ml  of  being  straight,  this  sluice  formed  several  angles  in  such  a 
%y  that  its  head  and  lower  end  were  in  close  proximity,  so  that 
placed  at  its  head,  could  be  washed  by  water  baled  or  other- 
sc  raised  from  the  well  at  its  lower  extremity.     In  this  way  a 
;nt  was  established,  and  the  ore  washed  by  a  stream  of  water 
istantly  returning  to  the  wells  to  be  again  used. 
The  ore  was  smelted  in  small  blast  furnaces  blown  by  hand 
allows,  the  fuel  being  either  wood  or  charcoal    The  slags  prodncetl 
2ntained  from  5^  to  14  per  cent,  of  lead.     The  work  lead,  which 
Cordelia  has  reason  to  believe  averaged  ■4  per  cent,  of  silver, 
about    1.30    oz.   per   ton,    was   refined   by   cupelliition.      No 
fcrt  of  the  apparatus  used  for  this  purpose  has  been  discovered. 
It  tbe  frequent  occurrence  of  fused  masses  of  desilverized  litharge 
ifficiontly  proves  the    nature    of  tlie    process   by   wliich   it  was 
|>tiuned.     The  lead  was  a-ssuyed  for  silver  in  the  usual  way,  and 
then  cupels,  of  nearly  the  same  form  and  dimensions  as  those 
"ow  emjdoyed,  have  l>een  found  in  the  wa.ste-hea]is. 

Tlie  period   of  the  great-est   activity  at  the  Laurium  mines, 
licb,  although  belonging  exclusively  to  the  Stat«,  were  leased  to 
ivat*!  indiviiluals,  was  between  600  D.C.  and  the  Peloponnesian 
far,  a  period   of  about  170  y<;irs.     **    ''onlilla  estimates  the 
number   of  workmen  at  15,000,  all   of 
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the  agency  of  Greek  factors ;  auti  ia  the  first  rentuiy  of  t)ic 
Christum  era,  Lauriura  was  completely  abandoned  ;  nnr  is  there 
any  evidence  that  work  was  ever  recommenced  until  the  year 
18C4. 

The  aggregate  amount  of  labour  exptrndcil  by  the  ancients  wa< 
enormous ;  some  2,000  shafts,  averaging  about  250  feet  in  <leptii, 
have  been  found,  and  the  extent  of  the  underground  workings  i«  in 
proportion.  The  quantity  of  slag  originally  left  waa  about 
2,000,000  tonnes,  which  M.  Cordelia  calculates  must  rcpresenl 
2,100,000  tonnes  of  lead  and  8.400,000  kilogr.  of  silver,  in  a.lditinn 
to  which  the  ancient  miners  left,  behind  them  millions  of  totuwi 
of  halvans  in  the  form  of  waste-heaps,  containing  from  1|  to  18 
per  cent,  of  lea«l.     The  zinc  ores  were  not  worked. 

Sonic  idea  of  the  general  mo<le  of  occurrence  of  the  ores  will  be 
afforded  by  tlie  following  section.  Fig.  70,  after  Cordelia,  tltroogh 
the  most  important  deposits  of  lead  ore  and  calamine  at  Laurium. 
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In  the  above  section,  a  represents  a  more  or  less  femigiooiu 
limestone;  /',  middle  crystalline  limestone,  in  places  somewlut 
siliceous,  and  impregnated  with  sulphuretted  ores;  <•,  lower  lime- 
stone (marble),  which  has  not  yet  been  sunk  through  by  the  neur 
shafts ;  d,  middle  mica  schist  of  Camaresa,  with  lenticular  bter- 
polations  of  limestone  and  quartz,  including  small  lead  veins 
The  thick  upper  mica  schist,  not  showu  in  the  section,  rests  on  the 
upper  limestone,  a,  of  the  Ripari  Mountnin. 

A  mica  schist,  e,  of  les-ser  thickness,  which  almost  always  foriM 
the  hanging  wall  of  the  third  contact  deposit ;  /,  upper  ore  bed 
or  first  contact  bed  ;  g,  second  ore  bed ;  h,  third  ore  bed,  mucli 
worked  by  the  ancients  ;  t,  calamine.  This  mineral  occurs  in  all 
horizons,  but  is  most  extensively  developed  in  the  foot  wall  of  the 
third  contact  bed,  where,  at  Camaresa,  it  is  from  3  to  24  feet  in 
thiclcnoss,  and  contains  from  +2  to  46  per  cent,  of  zinc.  Blende 
sometimes  occurs  with  tho  calamine. 

A  granite  vein,  k,  courses  from  east  to  west,  and  dips  40"  nortli ; 
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is  niore  or  less  woatliered,  and  forms  the  hanging  wall  of  the 
Itst  rich  calamine  deposit  discovered  by  Cordelia  in  1869.      The 
_fel6ite  vein  of  Camnresa,  /,  is  6  feet  in  thickness,  traverses  the 
itir©  mass,  and  contains  rich  lead  ores  under  the  third  contact 
Veins  of  calamine,  7ii,  coursing  east  and  west,  vary  from 
inches  to  4  feet  9  inches  in  thickness,  and  dip  almost   per- 
sndicularly,  those  in  the  lower  limestone,  n,  being  of  especial 
iportance.      Numerous  small   lead    veins,    n,  were  worked   by 
18  ancients. 

Fig.  71  is  a  section,  also  after  Cordolla,  of  the  Jean  Baptiste 

laft,  03  fathoms  in  depth,  the  mouth  of  which  is  577  feet  above 

level.     In  this  section,  d  rei>resenta  mica  schist,  144  feet  in 

lickness,  enclosing  lead  veins,  n;    o  is  an  old  level  about   13 
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lithoms  from  the  surface  ;   and  g,  the  second  contact  lead  bed, 
Ik  inches  thick.     The  limestone, /^  is  103  feet  in  thickness;  the 

»ica  schist,  e,  4^  feet  thick  ;  and  h,  the  third  contact  lead  deposit, 
6  feet  in  thickness. 

The  calamine  bed,  i,   has  an  average  thickness  of  llj  feet, 
^j«id  c  is  crystalline  limestone. 

^B      The  most  important  mining  company  ia  the  "  Soci^t<^  Fran- 
^Baise  des  Mines  du  Lauriura."     The  ores  raised  are  galena  and 
Hrorussite,  very    rich    in   silver,  with    blende   and  calamine ;   the 
number  of  miners  usually  employed  is  about  2,700. 

The  calamine  of  Laurium  is  richer  than  that  of  Sardinia,  and 
is  usually  calcined  previous  to  exportation.      After  calcii 
^Bontains  on  ao  average  about  60  per  '  ".      Tb' 

^^f   Laurium    are   associated   with  whir 

separated  at  ore-di-essing  works  wl  er 

purpose. 
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The  production  of  the  mines  of  this  company  in  1881  was  as 

follows : — 

Tonnes. 

Roasted  calamine     .    : 36,665 

Raw  calamine 101 

Blende 246 

Lead  ores 1,643 

Mixed  ores 2,820 

Iron  ores  containing  manganese 847 

Argentiferous  lead 1,722 

Total .    .  43,944 

Various  other  mining  companies  are  working  in  the  district, 
such  as  the  Sunium,  the  Austro-Belgian,  the  Pluto  Company, 
the  Societe  d'Olymp  Lauriotique,  &c.,  which,  although  they  possess 
deposits  of  ore,  have  not  as  yet  attained  a  large  production. 

In  the  Sunium  Mine,  first  opened  in  1873,  sixty  men  are 
employed,  and  up  to  the  present  time  about  1,500  tonnes  of  zinc 
ore  have  been  produced.  The  calamine  here  occurs  irregularly  at 
the  surface,  in  limestone  near  the  sea  shore. 

There   are    numerous    deposits  of  similar    ores  in    Greece, 
among  which  may  be  mentioned  the  irregular  mass  of  zinc  ore 
in   limestone   at  Mount   Hymettus,  and   the   argentiferous  lead 
and  copper  lodes  traversing  the  limestones  and  mica  schists  of 
Karysto.     These  deposits  contain  quartz,  galena,  chalcopyrite,  and 
iron  pyrites.     The  ore  worked  contains  from  15  to  20  per  cent  of 
lead,  and  from  800  to  1,000  grms.  of  silver  per  tonne  of  lead. 
Numerous  veins  of  argentiferous  lead  have  also  been  discovered  in 
the  islands  of  Antiparos,  Siphanto,  Zea,  Anaphi,  Milo,  and  Santorin. 

Copper. — Copper  ores  have  been  discovered  at  different  places, 
sometimes  mixed  with  lead  ore,  and  at  others  isolated  in  the  state 
of  sulphides  and  carbonates.  At  Laurium  the  lead  ore  is  more  or 
less  cupriferous.  The  ore  at  the  Jean  Baptiste  shaft  sometimes 
contains  from  6  to  12  per  cent,  of  copper.  At  Karysto  the  galena 
contains  from  5  to   18  per  cent,  of  copper. 

Manganese. — The  Greek  Government  has  recently  granted  a 
large  number  of  concessions  for  so-called  manganese  mines ;  but  the 
majority  of  them  refer  to  iron  ores,  containing  manganese,  and  suit- 
able for  the  manufacture  of  Bessemer  steel.  In  one  of  these  mines 
only  has  pure  manganite  been  found.  At  Andromonastiri,  in 
Messina,  rich  manganese  ore  has  been  found,  forming  beds  some- 
times eighteen  inches  in  thickness,  in  Cretaceous  rocks;  while  at 
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Perachora,  in  Corinth,  a  lode  of  good  oxide  of  niiingnULaL-  luvs  been 
discovered ;  and  in  Mile  pure  mangauese  ore  lius  been  found, 
forming  irregular  masses  in  trachyte. 

ChroMIDM. — Cliromite  frequently  occurs  in  CJreece ;  but  in  a 
▼ery  irregular  manner ;  sometimes  in  the  form  of  iuipregnatiotis 
only,  and  at  others  in  more  or  less  considerable  ma^ises  enclosed  in 
serpentine.  At  Vattonde,  in  Euboea,  considerable  quantities  of 
rich  chrome  ore  are  worked  ;  the  ore  occurring  in  the  fonn  of  thick 
veins  traversing  green  serpentine.  The  ores  supplied  by  the 
mines  of  the  Euba^a  and  Skyroa  are  preferred  on  account  of 
their  superior  quality. 

The  limited  employment  of  cliromates,  and  the  discovery  of 
rich  <leposits  in  Thessaly  and  Asia  Minor,  which  are  worked 
open-cast,  have,  however,  greatly  affected  the  working  of  chrome 
mines  in  Greece,  and  the  majority  of  thom  are  now  abandoned. 

Iron. — Greece  is  rich  in  iron  ores,  and  the  occurrence  of  iron 
slags  in  various  localities  shows  that  the  iron  ores  not  utilized 
at  the  present  day  were  extensively  employed  by  the  ancients. 
Large  masses  of  such  slags  have  been  found  at  Karysto,  Seripho, 
aud  in  many  other  places.  lu  the  slag-heaps  of  Seripho,  a 
Carthaginian  coin  waa  found  dating  from  the  fourth  century 
B.C. ;  the  period  at  which  it  may  be  supposed  that  this  estiiblish- 
ment  was  in  operation.  The  iron  ores  generally  consist  of  iron 
carbonate,  haematite,  and  magnetite,  forming  irregular  masses 
in  the  limestone,  or  at  tlic  contact  of  the  limestone  and  mica 
schists.  The  greater  portion  of  the  ores  contain  mangauese,  those 
of  Seripho  yielding  from  5  to  8  per  cent,  of  this  metal. 

In  1869  a  company  was  formetl  to  work  the  ores  of  Seripho, 
where  bro\\Ti  haematite  was  foimd  near  the  sea  shore  in  the  form  of 
ntact  masses  from  nine  to  forty-five  feet  in  tliickness.  This  ore, 
bich  contains  50  per  cent,  of  iron  aud  about  4  per  cent,  of 
manganese,  much  resembles  the  brown  htematite  of  Bilbao  in 
Spain.  In  the  interior  of  the  island  masses  of  magnetic  iron 
oxide  exist  in  the  immediate  vicinity  of  granite,  but  have  not 
been  worked. 

Cordelia  gives  the  following  as  the  mineral  production  of  Greece 

1877:— 

Tonnea.  Vtltu. 

Zinc   ore 31,000  ....  £104,400 

Lead  ore 8G0  .    .        .         {),12U 

Magnesite 1,500  ...         1,800 

Manganite      ....         50  ...    .  240 
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Acconling  to  Dr.  Gurlt,  the  present  average  annual  produt 
tion  of  Greece  is  about  as  follows : —  ^ 

Tonnci. 

Zinc  ore 9.000 

Lead  ore 1,000 

Chromium  ore 2,000 

Magnesite 1,500 

In  arMition  to  this,  10,000   tonnes  of  argentiferoos  lead  an 
produced  annually  at  Laurium  from  the  old  slag  heaps. 


SPAIN. 

Spain  takes  the  luiul  of  all  other  countries  in  the  amounts  of 
lead  and  quicksilver  which  it  produces.    The  copper  district  ol 
Huolva  is  one  of  the  most  important  in  the  world,  and  the  iron 
mines  of  Bilbao  arc  famous  both  for  the  quantity  and  quality  of 
their  ores.     The  chief  lead-producing  province  is  Murcia,  on  tbe 
south-eastern  a)ast,  which  affords  two-thirds  of  the  annual  yield  of 
th(!  country,  while  that  of  Santander,  on  the  Bay  of  Biscay,  leads 
in  the  proiluftiou  of  zinc  ores.     The  provinces  of  Santander  ami 
Murcia,  togi'tlu-r,  aft'iird  nine-tenths  of  all  the  zinc  ores  raised  iu 
the  country.     Nearly  the  whole  of  the  copjKjr  i.s  obtained  from  the 
province   of    Iluolva,  in  tlio  extreme   south-woRt,  adjoining  iLi- 
celebrated  pyrites  district  of  Portugal ;  while  iron  ore  is  extensively 
mined  in  the  neiglibourliood  of  Bilbao  and  in  the  provina-  of 
Muntia. 

Gold. — In  Spain  gold  mines  were  successively  w^orked  by  the 
Phatnicians,  Roinan.s,  and  Moors,  and  although  the  amount  at 
present  obtained  i.s  exc(H((lingly  small,  it  is  believed  that  tliis 
country  formerly  yielded  large  quantities  of  the  precious  niotAl. 
Strabo  and  Pliny  both  mention  Sjiain  as  a  gold-producing  countrj', 
and  name  various  localities  where  it  was  obtained. 

M.  Piette,  who  has  devoted  much  attention  to  the  subject  of 
ancient  mining  in  the  Peninsula,  is  of  o]nni(^n  that  formerly  both 
Spain  and  Portugal  pro(luce«l  gold,  and,  further,  that  it  was  obtained, 
not  only  from  wa.sliing  tlu"  sands  of  valleys  and  rivers,  but  also  from 
workings  in  the  solid  rock.  His  investigations,  however,  led  him 
to  the  conclusion  that  if  the  auriferous  regions  were  originally  rich, 

'  Dr.  A.  Ourlt,  aUtuci'if  Annakit,  1882,  No.  112. 
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they   Lad    become    almost    totally   exLausted   previous   to   their 
abandoumeut ;  since,  during  the  whole  of  his  examinations  of  the 
old  yrorkings,  be  met  with  only  a  few  very  alight  traces  of  gold. 
Among  the  gold  mines  of  the  Peninsula,  which  have  been  worked 
iu    comparatively   nuxiern    times,   may  be  mentioned   one  near 
Talavera,  and  another   at  Domingo   Flores,  in  Leon,  vvLich  was 
wrought,  intermittently,  during  a  period  of  nearly  a  hundred  years 
subsequent ly  to  its  commencement  in  1639. 
^B  Silver. — The  silver  mines  of  Gaudalcanal  and  Cazalla,  north 
^M  Seville,  occur  in  mica  schist,  and  wore  formerly  very  productive, 
but  are  now  of  little  or  no  importance  ;  there  were  also  formerly 
Hines  at  a  short  distance  from  that  city,  which  are  said  to  have 
^Peldfed  large  returns  during   some   portion   of  the    sevcntGcnth 
century.      Rich    argentiferous    galena    is    found    in    the    Sierra 
Hbnagrera,  and  has  been  worked  to  a  considerable  extent. 
^^  The  most  important  silver  mines  of  modern  times  were,  how- 
over,  those  of  Hiendelaencina,  situated  in  tlie  province  of  Guadala- 
jara,  seventy   miles  north-east  of  Madrid.      These   mines  were 
discovered  near  the  village  of  Hiendelaencina  iu  1843,  and  shortly 
aften^'ards   a  concession   was   obtained,  and  a  mine  commenced, 
which,  in  honour  of  the  patron  saint  of  the  village,  was  culled 
Santa  Cecilia.      Of  the  other  mines  subsequently  opened  the  most 
remaikable  were  the  Suerte,  Fortuna,  Verdad    de    Los  Artistas, 
Relampago,  San  Carlos,  and  Vascongada,  all  of  which  yielded  large 
amounts  of  silver.     There  are  numerous  other  lodes  iu  the  district, 
but  only  that  on  which  the  above  mines  are  situated  was  worked 
with  advantage.     Its  direction  is  neaily  east  and  west,  with  a  dip 
to  the  south,  and  its  average  thickness  is  not  quite  two  feet ;  the 
enclosing  rock  is  gneiss,  associated  with  mica  schists.    The  gangue 
is  heavy  spar,  but  quartz  and  spathic  iron  also  occur.     The  ores  are 
principally  argeutite,  freieslebenite,  miargyrite,  and  ruby  silver  ore  ; 
although  galena,   antimony   glance,  native    silver,   chloride   and 
bromide  of  silver,  are  likewise  present.     The  average  yield  of  the 

«BS  produced  was  about  OU  oz.  per  ton. 
The  mines  of  Hiendelaencina,  which  were  worked  to  a  depth 
200  fathoms,  began  t(»  decline  in  their  yield  in  18C0,  and  in  1866 
the  majority  of  them  had  already  suspended  operations.  Since 
that  fjeriod,  we  are  without  any  statistics  relative  to  their  produc- 
tion ;  but  from  the  beginning  of  1847  to  the  en<l  of  June  18GG,  tlie 
iendelaencina  mines  yielded  8,100,704  oz.,  Spanish,  of  silver; 
livalent  to  7,578.536  oz.,  English. 
Lead, — Lead  is  found  iu  all  the  provinces  of  Spain  with  the 
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exception  of  Vallndolid  ;  but  the  most  inipurtant  deposits  of  lajiJ 
ore  are  those  of  Jaen,  Murcia,  and  Almeria. 

The  town  of  Linares,  iu  the  proviace  of  Jaen,  is  sitaatcd  i 
plateau  of  ntarlj'  horizonUl  sandst^ine  of  Triaasic  age,  whiclij 
seliluni   u  thitkiiuss  exci-ediiig  thirty-tive  feet,  uml  which  rv 
directly  upoa  granite.     Both  the  saudat'jDes  and  granite  lat  ti|.1 
versed  by  two  distinct  Byatenis  of  lead  veins,  the  more  iuiporl 
which  strike  either  north -east  and  south-west,  or  easl-north-< 
west-south-west ;  a  smaller  number,  however,  of  broader  and  j 
irregular  veins,  comp-'irMtiveiy  barren  and  conrsing  cast  audi 
are  met  with  on  the  sIojhjs  of  the  Sierrii  Morcna  north  oi  Linam 
The   ferruginous   quartz,  which   constitutes  the   outcrops  of  tk  | 
more  proiluctive  system  of  veins,  frequently  forms  projer 
through  w^hich  are  scattered  grains   of  galena,  which 
become  more  numerous  as  greater  depths  are  reached.    Qcoenttfl 
^speaking    tliese    Io<Je8   become   productive   at    an    incrT- 
distance  from  the  surface,  yielding  galena,  com{Ninitivi, 
silver,  associated  with  blende,  iron  and  copper  pyrites,  spathic ino 

ore,  cerussite,  and  calcite,  enclosed  in  a  predominantly  ' ' 

gangue.     No  decrease  in  the  width  of  the  veins  had  bet'i 
at  a  depth  of  135  fathoms  and,  as  a  general  rule,  they  were  luauiito 
be  richer  in  their  broader  than  in  their  narrower  parts.    Th 
chimneys  or  bunches  are  nearly  vertical,  and  as   the  lodes 
divide  into  branches  and  subso^piently  re-unite,  it  not  uufn.^nienll^l 
happens  that  rich  bunches  of  ore  are  found  at  the  point  of  junciia 
with  one  another.     The  larger  veins,  coursing  approxiniuiclj  (mlJ 
and  west,  are  couiposeti  principally  of  quartz  and  heavy  spai  i 
iug  iron  pyrites,  copper  pyrites,  and  galena,  poor  in  silver, 
outcrops  of  these  veins  sometimes  project  above  the  surface  of  tlic 
sandstone   to   a  height  of   several    feet;  the   ores   being  asuoUj 
disseminated  in  strings  instea*!  of  being  concentrated  in  chimntiji 
as  in  the  case  of  the  smaller  and  more  productive  lodes. 

Among  the  undertakings  under  English  management  in  (hi 
district  are  the  Linares  Mines,  which  yielded,  in  1881,  4,312l 
of  lead  ore,  while  the  mines  of  the  Fortuna  and  Alamillos  Cotap 
produced  respectively  4,344  tons  and  3,533  tons  during  the 
period. 

The  Sierra  de  Cartagena*  is  composed  of  Silurian  slatMl 
limestones  penetrated  by  trachytes  and  basalts,  and  snrr'"  ^ 
tlie  base  by  rocks  of  Tertiary  age.     Both  the  Silurian  iwiz  .m_ 

'  F.  de  DotclU,  "  Dracripciou  ccotonca-miiiera  de  Ua  proviocui  dt  '. 
Albueto."  Madrid,  1868. 
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rachytes  in  the  vicinity  of  Almazarron,  some  distance  west  of 
gcna,  are  traversecl  by  a  number  of  veins  of  which  the 
ion  approximates  closely  either  to  north  and  south  or  to 
ind  west,  and  of  which  the  dip  is  usually  almost  vertical.  In 
ratified  rocks  the  ores  occur  partly  in  fissure  veins,  and  partly 
ings  or  branches  parallel  to  the  bed<ling  ;  they  also  form 
ular  or  bedded  veins,  which  are  sometimes  of  considerable 
t  and  thickness.  These  dejx)sita  often  enclose  fragments  both 
te  and  trachyte,  and  must  consequently  be  more  recent  than 
iter  rock.  They  are  u.sually  comjwsfd  of  an  irregular  mixture 
ruginous  silica  with  galena,  iion  and  copper  pyrites,  mispickel, 
etitc,  calcite,  heavy  spar,  and  quartz. 

le  broader  parts  of  these  veins  are,  for  the  most  part,  eom- 

irely  bjirren,  while  the  narrower  portions  and  the  branches 

fften    almost    exclusively    composed    of    various    metallic 

ftes.     Two  other  forms  of  leiid  dejxjsit  occur  in  the  province 

rcia ;  the  one  forming  impregnations  of  galena,  pyrites,  and 

^  in  a   compact  greenish   rock,  while  the  other  occurs  in 

m  of  beds,  or  bedded  veins,  in  limestone. 

e  Sierra  AJmagrera  rises  in  the  north-eastern  portion  of  the 

e  of  Almeria,  fonuing  a  range  of  about  1,000  feet  in  height 

ien  miles  in  length,  on  the  coast  of  the  Mediterranean, 

h  it  rises  somewhat  abruptly  towards  the  south-east,  the 

the  contjary  direction,  towards  the  plains,  is  extremely 

It  consists  chiefly  of  mica  schist,  passing  into  clay  slate, 

I  frequently  intersected  by  deej)  gorges,  and  traversed  by 

lous  veins,  the  most  remarkable  of  which  is  the  Jaroso  Lode, 

after  one  of  the  neighbouring  ravines.     This  lode,  towards 

th,  splits  into  numerou.s  branches,  while  to  tlie  south  it  is 

by  a  fault.     The  portion  which  has  been  worked  between 

Wo  points  is  about  2,100  feet  in  length.     The  strike  of  this 

almost  due  north  and  south,  with  an  average  dip  of  C(J°  east ; 

st  width  is  twenty  feet,  and  it  frequently  includes  fragments 

country  rock.     Heavy  spar,  spathic  iron  ore,  calc  spar,  red 

ivm  iron  ore,  argentiferous  galena,  and  iron  and  copper  pyrites 

filling  of  the  fissure.     This  lude  is  di.stinguished  for  the 

arrangement  of  its  constituents,  and  for  the  number  and 

of  its  crystallized  minerals.    The  vein  matcri  ix  of 

fathoms  consisted,  for  the  luort  part,  of  lay 

matite,  limonite,  and  heavy 

ductive  horizon  containio 

:y  ccrargyrite,  afisociatet 
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of  eighty-two  fathoms  the  proportion  of  silver  began  rapii!  • 
docreasc,  while  heavy  spar  and  homstone  became  prvdounu^i^t 
B.  V.  Cotta  suggests  that  the  presence  of  very  rich  ores  beW  ihi 
depth  of  eight'een  fnthotiis.  may  {lossibly  be  accounted  Cm'  ontin 
hyiMtlieaiB  that  the  metals  washed  out  of  the  gossans  hail  htccm, 
concentrated  iu  this  zone. 

Although  the  combed  structure  of  this  lo«le  is  very  rtn:iikiut 
the  amingement  of  the  several  layers  is  by  no  means  syuimciiuii, 
and  it  fallows  that  tJiey  cannot  have  been  the  reault  of  »uc(*«in 
deposits  on  the  sides  of  a  single  fissure.  It  may  therefore  be  nt' 
cludetl  that  the  vein  has  been  repeatedly  tiasured,  ami  thit  ^ik 
re-fiUiog  of  these  rents  has  resulted  in  the  want  of  syim,.  .r 
observed.  This  becomes  the  moro  probable  from  the  clrcunii 
that,  in  the  middle  of  the  lode,  horses  occur  which  at  a 
period  of  its  formation  apjx-iir  to  have  formed  the  wall  of 
•djoining  comb. 

The  importance  of  lead  mining  iu  Spain  will  be  uiui( 
when   it   is   stated  tliat  in  1881  that  country  produced  820, 
tonnes  of  lead  ore,  and  that  out  of  59,905  jwrs^ms  who  obt 
their  living  by  mining  18,909  were  employed  in  lead  mines. 

Zinc. — The  Cantiibrian  coast  of  Spain  is  rich  in  cftlaniine, 
especially  the  provinces  of  Guipuzcoa  and  SantAnder.  At  La 
Comillas,  &c.,  deposits  of  this  ore  occur  in  dolomitic  lii 
Jurassic  age,  partly  in  the  form  of  veins,  and  partly  as  very  ii 
deposits,  containing,  principidly,  calamine  and  galena.    The  ci 
is  chiefly  carbonate  of  zinc,  although  zinc  silicate  and  snowM 
zinc  bloom  are  also  of  frequent  occurrence.     Tlie  ores  v* 
embedded  in  clay,  and  the  centre  of  large  blocks  is  sometunes 
of  dolomite,  thus  indicating  the  origin  of  the  ore.    At 
depths  crystallized  blende  of  a  bright  brown  colour  is  founil 
concretionary  masses,  covered  by  concentric  layers  of  '. 
or,  near  the  surface,  partly  converted  into  zinc  carbonate, 
was  first  discovered  in  the  north  of  Spain  in  1852,  and  m 
considerable  attention  had  become  directed  to  this  region  br 
large  and  increasing  quantity  of  zinc  ores  which  were  being 
into  the  market. 

The  zinc  deposits  in  the  provinces  of  Santander  and 
very  fully  described  by  W.  K.  Sullivan  and  J.  P.  O'Reilly.' 
gentlemen  conclude  that  the  zinc  carbonate,  and  perhaps  nlio 
lead  carbonate,  was  originally  precipitated  from  sulution  eil 

"  Not««  on  the  Q«oIoRy  and  Miuenlogy  of  the  Sp«iiiah  prorincM  of  I 
Mid  Madrid,"  London,  180S. 
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^Bbonat«  of  lime  or  by  dolomite.  In  some  instances  the  replacement 
^Ko  complete  that  calamine  passes  insensibly  into  pure  dolomite, 
^^pt  tiie  Venta  Mines,  and  still  more  strikingly  at  the  Vicenta  and 
PReocin  Mines.  Both  the  carbonates  of  calcium  and  magnesium 
Mcpear  to  have  taken  part  in  the  decomposition ;  but  the  mag- 
^Bium  carbonate,  as  the  more  soluble,  appears  to  have  been 
■wRolly  removed,  while   some  of   the   carbonate    of  calcium    still 

I  mains  filling  joints,  or  forming  a  kind  of  conglomerate. 
■Copper. — A  zone  of  clay  slate,  110  miles  in  length,  courses  ia 
_    north-westerly  direction   through  the   provinces  of  Huelva  in 
gain,  and  of  Alemttjo  in  Portugal,  and  encloses  enormous  deposits 

ipriferous  iron  pyrites. 

|In  Spain  the  deposits  of  Rio  Tinto  and  Tbarsis  are  the  most 

)rtant.     The  age  of  the  enclosing  rocks  is  somewhat  doubtful, 

Tmaay   geologist*    believing    them    to   be   of    either    Silurian    or 

Devonian  age.     F.  Rimier^  is  of  opinion  that  they  belong  to  a  low 

ibwizon  of  the  Culiu-measuies. 

^■I^ear  the  ore  deposits,  and  parallel  to  them,  dykes  of  quartz- 
I^OTphyry  often  occur,  and  Spanish  geologists  have  suggested  a 
connexion  between  the  two ;  this,  however,  Komer  does  not  feel 
inclined  to  accept.  These  deposits  of  cupriferous  pyrites  consist 
.ft  scries  of  more  or  less  continuous  lenticular  masses  running 
lei  with  the  bedding  of  tho  enclosing  slate,  sometimes  extend- 
to  a  great  length,  occa.sionaIly  having  a  width  exceeding  fifty 
'fathoms,  and  composed  of  an  intimate  admixture  of  iron  pyrites  with 
&  little  copper  jiyrites,  through  which  strings  of  the  latter  mineral 
Bometimes  ramify.    Small  .strings  of  black  sulphide  of  copper  less 

Ruently  traverse  the  mass. 
ht  Bio  Tinto  the  deposits  of  cupriferous  pyrites  assume  the 
1  represented  in  Fig.  72.  The  slate,  which  stands  nearly 
vertical,  is  altered  in  the  immediate  vicinity  of  the  deposits  by 
the  action  of  the  acid  salts  resulting  from  the  decomposition  of 
pyrites,  and  not  only  becomes  softer  but  also  assumes  a  yellowish- 
white  or  reddish-grey  tint.  This  decomposition  of  pyriti-s  proceeds 
with  considerable  activity,  and  it  has  been  calculated  that,  since 
the  mines  were  abandoned  by  the  Romans,  from  70,000  to  80,000 
English  tons  of  metallic  copper  must  have  been  carried  into  the  sea 
ty  the  Tinto  River. 

The  compact  or  finely  crystalline  pyrites,  which  frequently 
exhibits  a  stratification  parallel  to  that  of  the  country  rock  and 
exhibits  similar  joints  and  headings,  contains,  on  an  average,  about 
'  F.  Btimer,  ZeiticAr.  d.  d.  getH.  OeselbtA.  1878,  p.  864. 
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S|  per  oMiL  of  copper.  Quarts,  geleiui,  blende,  uid  aisenical  pynta  i 
oeeor  retj  sobonUiiAtely,  and  dmsj  csTitieB  are  ezoeedlDgiy  nr^ 
Tlieee  depoMta  li»re,  aloMMt  without  ezeeptioD,  been  wroogbt  at  i 
^^  eaiiy  date,  the  workings  having,  in  some  cases,  reached  ij 
depth  of  above  fiflj  fiuhoma.    These  ancient  excavations,  ^e  lu^  f 
pruportioa  of  which  are  andoubteilij  Roman,  werei  confiued  to  tin  ] 
branches  of  ikher  ore  before  referred  to,  which  not  onlv  tnr,i> 
the  main  deposit,  bat  also  sometlmea   exteuii   into  the  .|uini. 
porphjnj  fanning  one  of  tb«  walls. 

The  Boman  wodcinga  consist  of  numeroas  circular  shafts,  irUd 
are  aeldom  more  than  thirty  inches  in  diameter,  in  conucxiou  *itk 
various  tortuous  galleries,  which  iuvariably  follow  the  ridta 
branches  of  ore.  Bj  becoming  saturated  with  waters  lioliiitj 
copper  salts  in  solution,  the  ancient  woodwork  of  the  mines  hu 
been   wonderfully  preserved,  while   its    tissues   have  sometioa  i 


AppTcjtimatt  Sealt  in,  Mttr^i' 


SKETCH  ^LAM 
HIO    TIHTO 


Fn.  Tl.— I'yiaca  dapoaits,  Rio  Tloto. 


become  permeated  with  metallic  copper,  resulting  firom  ibc  rwiiK- 
tion  of  its  salts  by  wootly  6bre.  In  tliis  way  timber  wliicli  bs 
been  employed  for  suppoi-ting  the  ground,  is  often  so  jierfectlr 
preserved  as  to  retain  markings  and  letters  cut  by  Komau  Diiwn  j 
cigliteen  cciiturios  ago. 

The  (.Iraiiiiige  was,  in  Roman  times,  effected  by  a  series uf  wo 
wlieelH  with  buckets,  acting  somewhat  in  the  manner  of  the  e»ilaf j 
nurUi,  of  which  nitincrous  remains  have  been  diacyverod.     " 
ware  lamps  of  Roman  workninnship  are  constantly  foui 
old  workings,  while  implements  and  vessels  of  bronze  huye 
occasionally  met  with.     Still  less  frequently  human  h(  i.  -■  '" 
bunii  discovered,  which,  by  the  action   of  cop|ior  salts   n, 
calcic  jthoapbate,  have  assumed  an  appeaiance  resemhlui 
turquoise.     It  may   be    here  mentioned  tliat  some  yeam  nm; 
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bronze  plate  was  found  at  the  entrance  of  a  Roman  gallery  at  Rio 
Tinto,  recording  the  fact  that  it  was  commenced  during  the  reign 
of  Nerva,  a.d.  l)(i-9S. 

Up  to  the  present  time  Rio  Tinto  has  been  extensively  worked 
in  open-cast,  the  ores  being  in  part  ex|K)rted,  and  in  part  treated 
locally  for  the  copper  they  contain  hy  a  piucess  of  solution  and 
precipitation.  The  very  extensive  scale  upon  whicli  operations  are 
conducted  at  Rio  Tinto  will  be  gatla-red  fron^  the  foUowitig  figures. 
The  amounts  of  pyrites  which  were  produced  during  three  recent 
years  were  as  follows : — 


I 


In  1880 
1881 
1883 


Por  Shipment, 
277,590  Tons' 
249.098      „ 
259,924      „ 


For  Locftl  TnntmBnt. 
.  637,567  Tous  . 
.  743,049  ,,  . 
.    688,307     ,,      . 


T«UJ. 
915,167  Tons 
993,047     „ 
948,231     „ 


The  average  copper  contents  of  the  entire  quantity  raised  in 
1882  was  2S05  per  cent,,  and  for  the  previous  year  275  per  cent. 

The  amount  of  the  Company's  pyrites  consumed  in  England, 
Germany,  &c.,  during  the  same  year  wjia  272,82l»  tons,  against 
274,201  in  1S80,  and"2.5(;,821  in  1881. 

The  copper  produced  during  the  year  1882  by  treatment  at  the 
mines  was  estimated  at  10,822  tonnes  of  1,000  kilogr.,  and  there 
were  actually  brought  to  uTarket  9,740  tous  of  21  cwts.,  leaving 
the  balance  to  be  carried  forward  to  the  next  year. 

The  following  are  the  quantities  of  metallic  copper  produced 
at  the  mines  yearly  for  seven  years,  naniely  : — 


In  1676,      976  tons  of  21  cwts.  utt, 

1877.  2.496 

1878.  4.184    , 


In  1879,  7,179  tons  of  21  cwts.  not. 

1880,  8,559     „ 

1881,  9,466    „ 

1882,  9,740     „ 
Exclusive,  in  each  case,  of  copprr  contained  in  the  pyrites  oxi>orted. 


In  addition  to  copper,  Spatiish  and  Portuguese  pyrites  contains 
from  20  to  35  dwt.  of  silver  per  ton,  together  with  traces  of 
gold,  both  of  which  were,  for  many  years,  not  utilized.  Tltese 
metals  are  now,  however,  recovered  by  the  Claudet  process,  and  in 
1883  no  less  than  348,210  oz.  of  silver  and  1,911  oz.  of  gold, 
which  would  otherwise  have  been  lost,  were  thus  obtaineil. 

The  Tharsis  and  Calanas  deposits,  hotli  lying  west  of  Rio  Tinto, 
belong  to  the  Tharsis  Sulphur  and  Copper  Company,  and  possess 
so  close  a  general  resemblance  to  those  of  the  la.st-named  locality 
M  to  require  no  special  description.    The  total  amount  of  pyrites 

'  English  tons. 
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extractod  bom  the  Tbsrsis  and  Calaiias  Mines  do  ring  tbe  ;e 
1S82   amounted    to   486,860  tons,    and    shipment  was  nude 
212.218  tons  of  pjiites  and  5,53+  tons  of  copper  jrreoipitate. 

Qdicksilvkr. — Mining   for    qnick&ilrer    was    carTi»i  on  it 
Ahnaden,  in  Now  Castile,  at  a  very  early  period.     TheopbraiUa  | 
speaks  of  the  stony  cinnabar  of  Spain,  and  Vitruvius  meQliont  ilui 
cinnabar  was  found  iu  tltat  country  and  brought  iheuoe  to ! 
for   treatment.     Slrabo   states    that   this   miaeral   was  foaod 
Turdetania    (Almaden),  and   Pliny    informs   us   tluit   iriOiin 
weight  of  it  was  annually  sent  to  Rome. 

The  quicksilver  deposits  of  Almaden  occur  in  Upjjtr  ftuun 
slates,  which  are  sometimes  interstratified   with  beds  of  liow 
but  the  slates  themselves,  which  are  much  contorted,  rarely  i 
cinnabar.     The  wall  rock  usually  consists  of  blfwk  carbon 
slates  and   quartzites,  alternating   with   schists   and   fine 
sandstones. 

The  deposits  of  cinnabar  strike  east  and  west,  incHae,  near  I 
surface,  at  an  angle  of  about  65°,  and  then  dip  almost  vertic 
There  are  three  deposits,  of  which  the  most  important  an ' 
San  Francisco  and  the  San  Nicolas,  each  of  which  has  an  av 
thickness  of  above  20  feet.     They  are  sometimes  divided 
one  another  by  only  two  or  three  feet  of  soft  slate,  and  at ' 
135-fathom  level  are  worked  as  one,  tiie  width  of  the  coma 
opening   being   67}   feet.     These   deposits    consist   principllyl 
quartz,  with  either  granular  or  compact  cinnabar,  which  penoe 
the   mass   generally,   or  is   besides  concentrated    in  pockets ; 
bunches,  while   the   clefts  and  cavities,  by  which  the  dej 
traversed,  often  contain  native  mercury.     At  times  goodes  of  c*k 
spar  are  enclosed  in  the  ore,  which  likewise  contains  iron 
and  occasionally  a  little  galeua.     In  the  year  1S30  cinnabar 
stalactitic  form  was  found  in   the  Concepcion  Nueva   Mine,] 
Almadenejos ;   this,  which  was  compact  and  of  a  yellof 
colour,  was  probably  a  recent  formation. 

There  has  been  much  difference  of  opinion  with  regard  toj 
nature  of  these  deposits.     Casiano  de  Prado,'  who  was  for 
years  director  of  the  works,  states  that  they  exactly  follnw] 
strike  and  dip  of  the  Silurian  rocks,  and  he  therefore  calU 
beds,  but  remarks  that  veins  of  cinnabar  occur  also  to  a  i 
ordinate  extent  in  the  immediate  neighbourhood.     He,  hoi 
considers  it  probable  that  the  ores  may  have  pem-; 
from  below;  in  that  case  they  could  scarcely  be  ri,,.,..j  .,  j  as 

'  Don  Cftnano  de  Pndo,  "  Minaa  de  Almaden,"  Madrid.  lii€^ 


;s.     A.  V.  (iroddeck  classes  them  with  bedded  tleposita,  as  does 

Noggerath,  who  studied  the  district  in  1860  and  1861.^   Hop- 

nsack,*  Willkomm,*  and   Le   Play,*  on  the  other  hand,  have 

warded  these  deposits  as  lodes.    Tlie  last-named  author  considers 

V»e  vein-like  character  to  be  very  evident,  as  he  observed  distinct 

"wartz  selvages  separating  the  vein  on  both  sides  from  the  country 

ock.     He  also  found  in  the  so-called  hxles  fragments  of  a  diorit« 

^^hich   occurs    in   the    immediate    neighbourhood,   and    with   the 

^Tuption  of  which  he  believes  them  to  be  intimately  connected. 

The  richest  ore  obtained  contains  25  per  cent,  of  mercury, 
■t4je  average  production  of  the  whole  of  the  ore  treated  being  8'3 
■per  cent.      The  average  production   of   quicksilver  at   Almaden 
during  the  last  ten  years  has  been  36,000  flasks,  weighing  1,242 
tonnes.     In  1876  seventeen  mines  yielded  26,323  tonnes  of  quick- 
silver ore,  and,  in  1877,  26,765  tonnes  of  ore  were  produced  from 
hteen   mines.^      In   1882  13  mines,  employing  3,240  miners, 
brded  27,037  tonnes  of  ore,  worth  £39,633. 
Tin. — The  Phcenicians  are  believed  to  have  procured  tin  from 
ain,  and  to  have  carried  it  to  various  ports  on  the  Mediterranean 
At  the  commencement  of  the  Christian  era  the  price  of  this  metal 
w»8  equal  to  about  five  shillings  per  pound,  and  it  was  consequently 
regarded  us  very  valuable. 

In  Spain  tin  occurs  Iwth  in  veins  and  disseminated  in  alluvial 
vels,  and  is  most  frequently  found  in  the  provinces  of  Orense 
•d  Pontevedra,  where,  within  an  area  of  twelve  square  miles,  about 
ty  different  lodes  have  at  various  times  been  worked  since 
830.  These  veins,  which  seldom  exceed  seven  inches  in  width, 
traverse  mica  schists  and  hornblendic  rocks.  The  veinstone 
consists  of  quartz  with  a  little  mica,  through  which  tin  ore, 
•wolfram,  and  iron  pyrites  are  sparingly  disseminated.  In  the 
province  of  Salamanca  there  are,  traversing  the  older  slates, 
quartz  lodes  which  contain  tin  ore,  and  in  1875  the  tin  mines 
of  that  region  afforded  employment  to  seventy  workmen.*  Near 
Cartagena  tin  ore  occurs  in  leot^^^Ldeposits  in  Permian  slate.'' 
Tin  ore  has  also  been  found  in^^^^Hlkce  of  Almeria.'' 


'  A.  Noggrrnfh,  Zcit.vhr 
»  J.  M.  HoppenMiek,  "I 
'mlt>erbergbnu  zu  Almaci. 

*  M.  Willkoinm,  "  i 
1849.  p.  357.        *  V 

*  kerUla  Miii<- 

*  Ma<8itfet,  Av:- 
'  If.  Gurcia,  !■■ 

*  Serinta  Altri<, 
Itten,"  1861,  toI.  li.  | 


''2,  p.  361. 

Imupt  uud  den  Queek- 

PiOtftcehn.  C/nCralblaU, 

mi,  p.  175. 


J  Tol.  iii.  1879,  p.  2 
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In  1880  one  mine  only  was  pro^M^ve,  emplogriBg  four 
and  yielding  about  12  ewts.  <ji  Made  tin. 

Ibon. — The  value  of  tlw  ]KKayan  deponts  of  ma  <m 
been  long  appreciated,  but  it  is  only  witiiin  recent  yeus  tiott 
development  has  assumed  sodb  enonnoos  proportioDs.  Theai 
important  of  these  deposits  are  situated  on  the  left  bask  cf 
Biver  Nervion,  above  the  town  of  Bilbao/  and  lai^,  af^praaoati^ 
south-east  and  north-wes^  the  rocks  associated  wi&  than  beli^ 
ing  to  the  Cretaceous  period. 

Commencing  from  the  river,  and  taking  than  in  orderlgl 
south-east  to  north-west,  they  may  be  sqMnted  into  the  tm 
following  groups : — 


Ollaigan    \  ( Brown  ores,  mudimixed intii 

Iturrigorri  j '  1     clay. 

Castrejana .  foownores. 

Matamoros Knwn  <nes  in  laige  d^Mstn. 

TTi  Tj^«-*«  /  Btomi   ore    (not    woiked    i 

^^^8**° •  1     present). 

TVSa^^  ar.A  Q«m«««.*«>  J  Red  M»d  browu  ores  (theae  m 

TnanoandSomorrostro  .  -J     the  main  rfepoeitB). 

Qaldames    ......  •  Brown  ore. 


Official  returns  show  that  the  output  of  these  mines  in  18 
was  2,800,076  tonnes. 

To  this    the  various  groups   contributed    in   the   followi 
proportions : — 

Tonnes. 
21  mines  in  OUargan,  Iturrigorri,  and  Castrejana      84,128 

4     „       „  Matamoros 568,14d 

38     „      „  Triano  and  Somorrostro     ....   2,031,055 
2     „       „  Galdames 116,743 

Total 2,800.0^5' 

Of  this  quantity,  Matamoros,  Triano,  and  SomoinM|nB^^^ 
2,599,204  tonnes ;  or  about  93  per  cent,  of  the  whole^ 

The  ores  found   in  these  deposits  are  knc 
Campanil,  red  haematite  ;  JRtcbio,  brown  hsematit' 
rich  ore,  common  to  both  deposits ;  and  Carbcm 
iron  ore.     The  spathic  iron  ore  has  not  yet  bo 

'  W.  Gill,  Jotirtiai  qf  Mo  Iron  and  Sled  Im 
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The  Canipanil  has  hitherto  been  found  under  workable  condi- 
tions only  at  Triano  and  Somonostro,  and  forms  but  a  small  pro- 
portion of  the  whole ;  but  as  this  mineral  is  most  in  request  it  is 
disappearing  more  rapidly  than  the  brown  ore.  It  is  slightly 
inferior  to  the  Eubio  in  percentage  of  iion,  but  its  freedom  from 
silica  renders  it  specially  valuable. 

The  Ruhio  is  a  hard  brown  ore,  and,  when  of  good  finality,  is 
richer  in  metallic  iron  than  the  Campanil ;  but  from  its  as- 
sociation with  siliceous  matter,  and,  occasionally,  with  pyrites, 
it  requires  careful  selection.  It  also  contains  more  moisture  than 
the  other  ores.  The  Rubio  deposits  are  sometimes  very  deceptive, 
and  what  appear  to  be  moUntains  of  ore  turn  out  to  be  merely 
shells  of  good  mineral,  with  poor  siliceous  material  beneath. 

The  Vena  tiidec  is  soft,  of  a  deep  purple  colour,  vcrj'  rich  in  iron, 
and  has  been  worked  for  centuries,  by  means  of  galleries  and  other 
underground  excavations.  This  ore  is  seldom  wrought  separately 
excepting  in  small  quantities  for  special  purposes,  or  for  treatment 
in  Catalan  forges,  or  by  the  Chcnot  process. 

The  Carbonfito  dc  hkrro,  spathic  iron  ore,  occurs  in  both  red 
and  brown  ore  mines,  but  the  most  extensive  deposits  of  it  yet 
found  arc  in  the  latter,  where  it  underlies  the  Ruhio. 

In  the  cinssification  given  above,  the  term  Vena  includes 
other  and  harder  forms  of  this  ore,  known  locally  as  Vena 
acampanilada,  Vena  ritlicula  or  Rubio  avenado,  according  as  it 
partakes  of  the  nature  of  Campanil  or  Rvbio  respectively.  Tho 
relation  of  these  ores  to  one  auotlier,  togetlier  with  their  order  of 
succession,  has  not  been  thoroughly  investigated;  no  geological 
survey  has  been  attempted,  and  no  deep  borings  have  been  made. 
There  seems  to  be  no  absolute  rule  as  to  the  relative  positions  of 
the  Rubio  and  the  Vena  ;  in  some  mines  the  latter  will  underhe 
the  former,  the  ore  growing  purer  as  it  dcscemls.  Both  orders  of 
position  are  obsortable  iu  the  Matamoros  district.  Certain  of  tlie 
nigged  escarpments  of  Rnhio,  which  form  such  remarkable  features 
of  the  brown  ore  mines,  have  probably  been  at  one  time  covered 
with  Vena;  which,  being  the  softer  ore,  has  been  washed  out. 
The  two  ores  are  often,  but  not  invariably,  separated  by  beds 
of  clay. 

The  little  that  is  known  of  the  geology  of  tho  district  has  been 
gathered  from  the  studies  of  M.  Colette  in  ISio,  and  of  Don 
Ramon  de  Adan  y  Yarza  in  1877.  Some  notes  upon  the  nature 
and  formation  of  the  ore  deposits  have  also  been  published,  in  1878 
and  1879,  by  M.  Bourson  and  M.  Baillis.     The  investigation  has, 
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however,  only  been  partial,  and  the  inferenoes  drawn  have  not 
been  entirely  confirmed  by  subsequent  experience. 

The  accompanying  analyBes  give  the  aven^  omnpoatioii  of 
the  ore  raised  iti  the  Oroonera  Company's  mines. 


1 

Bad  On. 

1 

Ferric  oxide 

Alnmin* 

Lime 

78-08 

•21 

•88 

S-01 

l-«5 

5-W 

•01 

trace 

-03 

5-00 

4-60 

79-M 

l-4i 

•70 

1-00 

-56 

8-10 

•10 

•05 

•08 

8-85 

78-29 

116 

•74 

•50 

SiST  :::::•: 

•OS 
#•80       1 

Sulphnrio  acid 

Salphor 

Phosphoric  add    .   .   .   . 

Cubonu:  acid 

Combined  water    .... 

Metallic  Iron 

•w     1 

•04 
•02       i 

10-55 

99-01 
54-08 

100-18 
56-97 

100-10 
64-80 

The  average  number  of  miners  employed  in  the  Bilbao  mines 
is  about  7,000. 

Although  the  iron  mines  of  the  province  of  Biscay  are 
by  far  the  most  productive  in  Spain,  ores  of  this  metal  are 
somewhat  extensively  mined  in  various  other  localities;,  At  the 
Juanteuiente  Mine,  in  the  vicinity  of  El  P^droso,*  a  small  town 
situated  28  miles  north-east  of  Seville,  in  the  Sierra  Morena,  a 
vertical  deposit  of  specular  iron  ore,  varying  from  thirteen  to  six- 
teen feet  in  thickness,  has  been  worked  in  mica  schist ;  this  may 
be  followed  for  a  distance  of  328  fathoms  in  the  direction  of  its 
strike,  the  thickness  remaining  nearly  the  same  throughout.  The 
iron  ore,  which  is  a  finely  granular  specular  ore,  p«»>'T>g  into 
compact  red  iron  ore,  is  sharply  defined  against  the  country  rock, 
and  is  occasionally  traversed  by  small  strings  of  quartz,  or  rendered 
impure  by  enclosures  of  iron  pyrites.  Several  similar  beds  occur 
in  the  same  vicinity,  as  at  the  liosalina  and  Monte  Agudo  Mines. 

In  the  year  1880,  3,565,838  tonnes  t>f  iron  ore  were  produced 
in  Spain  from  774  iron  mines,  employing  14),795  workmen.  The 
exports  during  the  samp  ^«te  2,932,998  tonnes  of  iron  ore, 

and  3,766  tonnes  of 


■  v«L  zxviL  1876^  p^  68. 
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Oxide  of  manganese,  of  which  about  5,000  tonnes  are  annually 
produced  in  Spain,  is  found  in  irregular  pockets  presenting  no 
peculiar  features. 


GCKERAL  SinillARY  OV  THE  PRODtTCTIOK   (IP  MeTALT.TFKBOUS  MjNEBALS 

ts  Spain  puiiino  the  Year  1882." 


OeiMiiptlon  of  Ore. 

Qnaatitioa 

TaiiiM. 

Inm  ore 

Lead  ore 

„        argentiferous 

Silver  ore 

Gold  ore 

Cupper  ore 

„       argentiferous 

Tin  ore 

Zinc  ore 

Quicksilver  ore    .    .    , 
Autiniony  ore  ...    . 

Cobalt  ore 

Manganese  ore     .    .    . 

Tonnet. 

4,728,293 

341,818 

22,425 

18,349 

36U 

1,720,853 

60 

0-23 

57,863 

27,087 

30 

40 

5,668 

PcMtat. 

11,767,004 

44,949,117 

4,876,971 

1,779,154 

9,000 

18,897.598 

50,000 

250 

1,028,810 

990,841 

6,460 

28,170 

227,897 

* 

470,880 

1,797,964 

195,078 

71,168 

360 

755,904 

2,000 

10 

77,152 

39.633 

258 

1,046 

6,115 

Total  ralae  of  MeUlliferous  Minerals  ) 
produced  in  1882 j 

85,509,262 

£3.420.866 

PORTUGAL. 

Almost  all  the  known  geological  formations  are  found  in 
Portugal.  One  third  of  its  area  consists  of  igneous  rocks,  a  second 
third  is  composed  of  the  more  ancient  sedimentary  deposits,  and, 
finally.  Tertiary  and  alluvial  deposits  occupy  large  areas  near  the 
centre  of  the  country,  besides  being  less  plentifully  disseminated 
in  other  parts  of  the  kingdom. 

Although  these  various  formations  contain  important  deposits 

of  valuable  ores,  the  literature  of  the  subject  is  extremely  scanty, 

being,  according  to  M.  F.  d'Albuquerque  d'Orey,*  the  author  of  a 

^valuable  memoir  on  the  mineral  resources  of  Portugal,  confined 

the  catalogues  of  the  Paris  Exhibition  of  1867,  and  of  the 
Philadelphia  Exhibition  of  1876.  For  tlie  purposes  of  thi.s  memoir 
the  author  referred  to  availed  himself  of  certain  official  MSS.  in 
the  Government  Mining  Bureau,  to  which,  with  the  exception  of 

'  "  Estadiatica  Minera  de  Eepafia  correspondiente  ol  Alio  1882,"  ReviMa  Minera, 
1883,  p.  647. 
I  •  "Die  Bergwerks   Industrie   in   Portngal,"  Berg,   und  ffiUttnm.  Zeil.   1881, 
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vLa*.  Tr:.xr.K!S  '.o  'Lk  TultJiS  if  S»a  DomiDgos,  I  am  ii>iebc«d  for  the 

Mii.T  .;■:  tL-5  m;r*  ialp^Rant  ore  depssts  of  Pormgal  ireie 
worst-i  ?r::i:if«*:*.>:lT  bj  ihe  Phornioians.  Canhaginiam.  utd 
R.r-Ar «.  b'l:  :L<e  cimnistano?  that  ontil  the  early  part  of  the 
p<«e*ri.":  :»ri.rirT  all  mioctals  were  reganie«i  as  nauonal  propertr, 
tbe  :-*-~nllp  beinz  vested  in  the  GroTemmeni,  tendeil  to 
CA-vrLiHj  re'-irl  the  pr'>^jTts5  of  this  branch  of  indastry.  In 
lS->i.  L'-.T-rT-r.  ttiv  mining  law*  were  revised  and  reformed, 
an:  {r.-^z.  tLi:  rear  recent  mining  In  Portugal  may  be  said 
to  -iate. 

G:Id  U  f:-un-:  in  small  quantities  in  the  sands  of  some  of  tbe 
rivers,  bu'.  the  amount  collected  is  so  insignificant  as  to  be  of  no 
o>mm>:rcial  impc  nance. 

There  are  no  deposits  in  Portugal  of  silver  ores  proper,  bat  this 
metal  ixtTurs  to  a  small  extent  in  association  witb  ores  of  lead  and 
copper. 

Lead.  Zinc,  .vxd  Axtdioxt. — Lead  occurs  in  various  localities 
the  depjsits.  to  s<.>me  extent,  resembling  those  of  Spain.  The 
princi|<il  lead  di.<tncts  are  those  of  Villa  Real,  Vizeu,  Aveiro, 
Portalegre,  and  IVja.  Tlie  most  imp>rtant  lead-mining  area  is 
apjAnntly  that  i-f  Mertola.  nc.ir  the  Guadiana,  where  the  galena 
cuntitiris  ul-'Ut  '24  vz.  «.'f  silvi-r  jkt  tun,  while  the  CtTussite  and 
an'.'l'-.-it*-.  Ao..  wliii.h  at'C'-niiKiny  it  arc  sometimos  much  richer. 
Zin<.-  ofi.-.s  are  nut  known  to  «.K.nir  in  Portugal  in  workable  quantities, 
but  bk-udt'S  so  argt-ntitV-rous  as  to  bo  classed  as  silver  ores  lave 
8omi.-tinit.-s  Ixen  f«.>und.  Ores  of  antimony,  cliietly  in  the  form  of 
sulpliidi-s,  ixcur  in  throe  different  regions,  and  occupy  as  many 
distinct  iti/nloijioal  fi •rinatiuns. 

In  the  di.stric't  of  Evora,  antimony  ore  occurs  in  a  tjuartz  lode  at 
tlie  cutitart  of  Pala-ozoic  be«ls  and  granite. 

The  principal  antimony  veins  in  the  neighbourhoods  of  Valongo^ 
Pare<los,  and  Gondomar  in  the  district  of  Oporto,  may  be  divided 
into  two  systems  characterized  by  different  strikes.  The  depoati 
coursing  N.  10°  to  20"  W.,  may  be  described  as  bed-like  Icdea^ 
since  their  strike  is  identical  with  that  of  the  countiy  lodL 
Tlio  otlu-r  system  courses  N.  30°  to  60°  E.,  and  both  occur  m 
Sihirian  rocks.  A  third  region  of  antimoninl  ores  ii  ntoated  BflV 
the  town  of  Alcoutini,  in  the  district  of  Faro,  wheiB  iMtWD 

distinct  IfMk's,  one  ooursinir  cast  and  west  and  the  o  "* 

The  latter  has  the  same  strike  as  the  country 
only  one  now  worked.     Those  lodes  occur  in  t 
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Culin  formation,  and  their  production  was  formerly  greater  than  it 
is  at  the  present  time. 

Copper. — Numerous  copper  veins  occur  in  granites  and  por- 
pliyries  in  the  district  of  Evora,  and  another  important  deposit  is 
that  of  PaJhal,  in  Aveiro,  which,  in  addition  to  copper,  contains  small 
quantities  of  nickel  and  cobalt.  The  most  important  cop]>er  deposits 
are,  however,  those  of  San  Domingos,  Aljustrcl,  and  Gnindola, 
enclosed  In  the  great  metalliferous  belt  extending  into  Portugal 
from  the  Spanish  province  of  Huelva. 

The  celebrated  mine  of  San  Domingos,  which  produces  the 
principal  portion  of  the  cupriferous  pyrites  raised  in  the  country,  is 
situated  in  an  arid  and  rocky  district  nine  miles  from  the  Gundiana 
River  and  about  thirty  miles  from  the  sea.  The  lithological 
characteristics  of  this  part  of  the  country  are  almost  identical  with 
those  of  the  metalliferous  district  of  Huelva  in  Spain,  and  the  ore 
deposits,  of  which  the  strike  is  west-north-west  and  east-south-east, 
are  probably  of  the  same  age.  The  ore,  which  is  a  cupriferous  iron 
pyrites,  yields,  by  dry  assay,  about  2J  per  cent,  of  copper,  but  con- 
tains less  arsenic  and  somewhat  less  silver  than  some  of  the 
Sptinish  ores. 

San  Domingos,  like  Rio  Tin  to  and  Tharsis,  was  extensively 
•worked  by  the  Romans,  who,  from  tlie  coins  which  have  been  found 
in  the  various  excavations,  appear  to  have  occupied  this  locality 
from  the  latter  portion  of  the  reign  of  Augustus  down  to  the  parti- 
tion of  the  Empire  under  Theodosius,  a  period  of  about  three  and 
a  half  centuries. 

In  the  valley  into  which  the  drainage  level  empties  itself,  rows 
of  sarcophagi,  still  containing  bones,  have  at  various  times  been 
found,  while  in  other  excavations,  cinerary  urns  and  other  intlications 
of  cremation  have  been  repeatedly  met  with. 

Among  the  relics  which  have  been  found  of  ancient  mining 
operations,  the  most  interesting  was  a  series  of  large  drainage 
wheels  of  wood  in  a  state  of  perfect  preservation.     These  wheels,  to 


the  number  0*" 
ference  for  ilf 
in  diameter,  wL 

The  .ji' "^t,, 

of  its  Iwii 


■ere  furnished  with  buckets  on  their  circum- 

1  of  wnter ;  eight  of  them  being  sixteen  feet 

'  a  diameter  of  twelve  feet  only. 

il  from  this  mine  from  the  date 

•f  1877,  has  been  approximately 

'     1,000 cubic  metres;  modem 
il  809,071  cubic  metres,  or 
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During  the  year  1882  tiie  output  of  pyrites  ttoa  Sb 
Domingos  amounted  to  405,029  tons,  in  addition  to  whkb  ibogi 
5,000  tons  of  copper  were  obtained  in  the  Saxm  of  predpititefiai 
the  local  treatment  of  the  ores. 

Copper  ore  deposits  likewise  occur  in  the  province  of  Algani^ 
at  the  contact  of  Jurassic  and  Triassic  rocks,  where  tb^n 
traversed  by  dykes  of  diorite  and  serpentine.  These  depositg,  whiA 
contain  magnetite,  in  their  geoli^cal  and  mineralogi(»l  chantetoi 
somewhat  resemble  the  deposits  of  Traversella^  and  of  Mcmte  CitiM 
in  Tuscany.  They,  however,  contain  comparatively  little  oopp^ 
and  the  mines  once  opened  upon  them  are  now  abandoned. 

TiN.^ — Tin  ore  occurs  in  Portugal  in  various  localities,  espeai^ 
in  the  provinces  of  Beira,  Minho,  and  Tras-os-Montes,  whoe  it  i 
found  in  alluvial  gravels,  in  the  form  of  stockworks  in  the  gniiti; 
and  as  tin  veins  in  the  older  slates.  Tin  mines  were  worked  ii 
Portugal  in  the  time  of  Agricola,  and  tin-streaming,  oo  a  wl 
scale,  is  one  of  the  oldest  industries  of  the  country. 

Eschw^re  '  found  tin  ore  in  the  sands,  as  well  as  in  the  gtanttt^if 
Valongo,  and  established  stream-works  with  considerable  8aee«; 
but  the  unsettled  state  of  the  country  is  said  to  have  ulttmriiif 
brought  the  enterprise  to  a  standstilL 

There  are  no  available  statistics  relative  to  the  present  uaol 
yield  of  tin  ore,  but  the  value  of  the  yearly  production  has  beet 
estimated  at  £450.  lu  1874  tin  mines  were  worked  in  the  proviut 
of  Tras-os-Montes  to  the  depth  of  about  twenty-five  &thoou,liBt 
were  ultimately  abandoned  as  unremunerative. 

IiiON. — Portugal  is  rich  in  iron  ores  of  good  quality,  large  wl 
important  beds  of  this  mineral  occurring  in  almost  all  parts  of  h 
kingdom ;  however,  with  but  few  exceptions,  all  the  iron  muei 
of  the  country  are  now  abandoned.  The  exportation  of  a  for 
thousand  tons  of  iron  ore  to  England  represents  the  whole  of  the 
production  of  the  mines  of  Portugal.  This  is  accounted  for  ly 
the  poverty  of  the  country  in  coal,  and  by  the  absence  of  foral^ 
resulting  from  the  extravagance  of  former  generations. 

Among  the  iron  ore  deposits  of  Portugal  the  following  in  tiM 
most  important,  namely : — the  hsematite  bed  of  Quadramil,  in  tbi 
province  of  Tras-os-Montes,  which  may  be  followed  for  a  distioce 
of  five  miles.  It  is  frequently  sixty-six  feet  in  thickness,  ml 
occurs  in  Laurcntian  rocks.  The  iron  ore  veins  in  the  Bngua 
district,  Tras-os-Montes,  now  produce  less  than  200  tons  ^  m 

p.  156.' 


'  E.  Rcyer,  "Zinn,"  1881,  p.  15{ 
*  Kanttn's  Arehiv,  1836,  p.  221. 
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per  anniim.  The  iron  ore  deposits  of  Moncorvo,  also  in  tlie  same 
province,  consist  of  a  number  of  lenticular  ore  beds,  coursing 
north  70°  in  Laurentian  rocks.  Tliese  beds  have  a  gentle  dip, 
are  frequently  traversed  by  quartz  veins,  and  are  sometimes  as 
much  as  328  feet  in  thickness.  They  contain  both  red  iron  ore 
and  magnetite ;  and  large  masses  of  ore  which  have  become  detached 
from  the  outcrops  by  former  rains,  have  formed,  in  the  valleys, 
extensive  surface  deposits  which  have  been  estimated  at  ten 
million  tons.  The  iron  ore  in  the  beds  themselves  is  estimated 
at  least  at  fifteen  million  tons,  and  contains  from  39  to  59  per 
cent,  of  iron. 

In  the  district  of  Odemira,  in  Alemtejo,  iron  and  manganese 
deposits  occur  as  lodes,  as  surface  deposits,  and  as  deposits  of 
sandstones  containing  iron.  The  lodes,  which  traverse  Laurentian 
limestones  and  slates,  are  very  wide,  and  contain  ha3matite, 
pyrolusite,  heavy  spar,  and  quartz.  The  production  of  this  district 
attained  its  maximum  in  1M74,  when  40,49G  tons  of  iron  ore 
were  produced,  and  from  that  date  to  1877  has  rapidly  decreased, 
the  present  output  being  exceedingly  small. 

Manganese. — In  Portugal  ores  of  manganese  frequently  occur 
in  association  with  iron  ores,  but  there  are  also  deposits  containing 
manganese  ores  only.  These  are  principally  foimd  in  the  province 
of  Alemtejo,  where  they  occur  in  a  zone  about  twenty-four  miles  In 
length  between  the  towns  of  Mertola  and  Graudola,  parallel  to  which 
are  the  celebrated  pyrites  depo.sits  of  Rio  Tinto,  Tharsis,  and  San 
Domingos.  Manganese  ores  here  form  lenticular  beds  coursiiig 
N.  40°  W.,  in  Silurian  and  Lower  Carboniferous  strata,  and  are 
usually  accompanied  by  beds  of  quartzite  ;  manganese  ores  also 
occur  in  the  form  of  lodes  traversing  quartzites.  The  ore  is 
pyrolusite,  and  with  it  occur  red  hseraatite  and  heavy  spar,  while 
the  country  rock,  as  before  stated,  is  quartzite.  In  1S75  twelve 
mines  were  working  in  this  district,  and  the  Pa{;o  Mine  alone 
produced  812  tons  of  ore,  and  employed  sixty  workmen.  No 
oflScial  returns  arc  made  of  the  metalliferous  minerals  annually 
produced  in  Portugal. 

SCANDINAVIA. 

Scandinavia    is    to   a    large    extent  composed   of    the   ol<Ier 
crystalline  rocks,  such  as  granite,  gneiss,  mica  schist,  chlorite  schist, 
talc  schist,  hornblende  schist,  crystalline  limestone,  dolomite,  &c.  ; 
1     which  are  frequently  traversed  by  porphyries,  gabbros,  basalts,  and 
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other  igneous  rocka.  Overlying  these  rocks  are  strata  of  Silurian 
aud  Devoniau  age,  which  in  some  districts  cover  considerable  ansaa, 
but  the  more  recent  sedimentary  rocks  are  represented  only  in 
the  most  southern  portion  of  Sweden.  True  veins  are  not  of 
frequent  occurrence  among  the  ore  deposits  of  Scandinavia,  since 
the  majority  of  thera  are  either  bedded  veins,  or  are  associateil  witL 
bed-hke  masses  called  FaJUbamls.  Iron  and  copper  ores  are  iL 
most  important,  after  whiih  come  silver  and  cobalt  ores ;  and  the 
very  subordinately,  lead,  zinc,  and  nickel  ores. 


Norway. 

The  fundamental  rocks  of  Norway  are  assigned  by  Norwe^n 
geologists  to  the  Azoic  epoch,  in  which  are  included  the  Archaan 
rocks,'  as  well  as  the  earlier  gneiss.  The  close  of  the  ArcbieaB 
period  in  Norway  was  marked  by  eruptions  of  granite,  which  in 
Bome  cases  form  extensive  ranges  of  hills,  while  in  others  ibey 
constitute  irregular  detached  masses.  These  granites  are  frequently 
accompanied  by  gabbros,  and  appear  to  have  exercised  an  important 
influence  uijon  dejwsits  of  ore.  Immediately  after  the  groit 
changes  produced  by  the  eruptions  of  granite,  and  possibly  eTcit| 
while  they  were  still  in  progress,  the  dejwsition  of  beds  of  Taconu 
age  commenced.*  These  beds,  of  which  there  are  three,  rest  uncoo 
formably  on  the  older  rocks.  The  second  member  of  the  series ! 
been  identified  as  corresponding  to  the  Potsdam  sandstone  of  tb 
United  States.  The  Tacouic  beds  cover  a  large  proportion  of  On 
area  of  Norway.  The  Silurian  and  Devonian  formations  occu 
mainly  in  two  considerable  areas,  the  one  at  and  north  of  Christie 
aud  the  other  near  the  most  soutlieru  limits  of  the  country. 

Four  outbursts  of  plutonicrock  are  recognised  as  having  take 
place  in  Norway ;  namely,  a  Pre-Taconic,  a  Post-Taconic,  a  Silt 
and  an   eruption    uf  Post-Devonian  ago.     Throughout  Souther 
Noi-way  the  formations  from  the  Devonian  to  the  Post-Tertiary  are 
entirely  wanting, 

Silver. — The  celebrated  silver  mines  of  Kong.sberg,^  which 

'  O.  G.  Brocli,  "  Le  Royaume  ds  Nory^^je  et  le  People  Norvegieu,"  p.  106. 

'  Tat-ODic,  a  tenii  npplinl  liy  Professor  Knimons  to  certain  rockicastof  toe  Uuiig 
which  coiLsist  of  Hiatus,  (juarLz  rock,  aud  liiucatuno,  of  Lower  Silurian  or  \.'l<lit 
Cimibrian  age. 

'  KanUn't  ArcJiiv,    xxi.  1847,   p.    242;    A.  Gurlt,  Berg,   und  IlutUnm.   Z«\ 
1858,  p.   101  ;   T.    Sclicercr,    Ihid.  1866,   p.   250  ;    P.  Heiter,  Zf.itiK-hr.  d.  d.  go. 
OescUsch.  1871,  vol,  xxxil  p.  3b3  ;   0.  v.  Kath,  Xeutu  Jafirb.  /.  Mineral.  1869, 
434;  0.  Woltz,  Benj.  wjid  ffUtUnm.  ZeU.  1878,  p.  115, 
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M'ere  first  opened  in  1623,  are  situated   in  a  district  consisting 

Khiefly  of  giioiss,  gabhro,  mica  schist,  hornblende  schist,  talc  schist, 

Kn<l  chlorite  schist.     The  ore  occurs  in  Ji8.sofiation  with  i'ahlhaiid.s, 

mbat   as   these   have   been   already   described,  p,  102,  no    further 

description  of  them  is  necessary.      The    most  remarkable   fahl- 

bands  near  Kongsberg  are  at  the  Overborg,  five  miles  in  length, 

on  which  are  some  very  nncient  mines;    and  on  the   plateau   of 

Underherg.  where  some  of  the  workings  arc  300  fathoms  in  dcptli. 

Several  fahlbamls  occur  west  of  the  Overberg,  and  there  is  a  siDidl 

one  at  Hclguvand.     The  origin  of  these  is  explained  hy  Kjendf  and 

Dahll  on  the  hypothesis  of  the  formation  of  fissures  through  the 

eruption  of  gabbro,  and  the  impregnation  of  the  rocks  by  metallic 

sulphides. 

At  Kongsberg  there  is  a  marked  distinction  between  falilbands 
in  slate  and  those  in  gabbro,  the  former  only  l»eing  important.    T!ie 
maximum  amount  of  impregnation  occurs  in  mica  schists,  and  the 
minimum    in   qnartzite    slates.      Bobert,  who    was    the    first    to 
recognise  fahlbands  as  a  distinct  form  of  ore  deposit,  shows  their 
transition  into  the  lenticular  ore  berls  characteristic  of  crystalline 
schists.    The  Kongsberg  fahlbands  are  comparatively  poor  and  con- 
tain, quite  subordinately,  compact  segregations  which  are  never 
worth  working.    To  the  miner,  liowevcr,  they  are  of  great  importance, 
since  the  silver  lodes  are  only  productive  of  ore  within  the  fahlbands. 
Near  the  town  of  Kongsberg  there  are  about  fifty  old  mines,  of 
which,  approximately,  one  quarter  may  have  been  sunk  to  a  depth 
of  130  fathoms,  the  others  being  generally  much  shallower.     All 
these  mines  were  formerly  worked  for  silver,  and  some  of  them  are 
still  working  for  that  mutal,  which  occurs  partly  as  native  silver, 
and  ]-»artly  in  the  form  of  various  suljdiidea.     The  Kong.sherg  silver 
mines  are  the  property  of  the  State,  those  now  in  operation  being 
the  Kongens  og  Annen,  the  Gott.es  Hiilfe  in  der  Noth,  and   the 
Haus  Sachsen.     The  latter,  after  lying  unworked  i'or  many  years, 
was  re-opened  in  18G6.     The    Kongens  og  Arnien  Mine  yielded 
for  a  long  period  the  chief  portion  of  the  silver  produced  in  Nor- 
way, and  has,  at  the  deepest  point,  now  reache<l  a  depth  of  306 
fathoms,  of  which  131  fathoms  are  beneath  the  adit  level.    The 
Gottoa  Hiilfe  is  131  fathoms  in  depth,  and  of  the  material  brought 
t<.)  the  .surface  about  GO  per  cent,  is  classified  as  productive  work. 

From  the  Kongens  og  Armen  Mine  tlie  average  annual  produc- 
tion during  the  five  years  from  l.s7l  to  1875  was  4,44(i  cubic  yards 
of  rough  ore,  which  yielded  about  3,070  oz.  troy  of  native  silver, 
141  tonnes  of  rich  ore,  and  1,408  tonnes  of  poor  ore. 
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At  the  Qottes  Hiilfe  Mine  the  average  aaniial  production  donw 
the  same  period  was  1,715  cahic  yards  oi  rough  ore,  affordiogg]; 
oz.  of  metallic  silver,  14  tomies  of  rich  ore,  and  511^  tonnes  of  poor 
ore.  The  native  silver  averaged  880  fine,  the  percentage  ti  ^ 
in  the  rich  ore  being  1*85,  and  in  the  poor  ore  '054.  Dnn,^ 
the  year  1879  the  Kongsbetg  silver  mines  yielded  the  fdlotik 
returns : — * 

The  Kongens  og  Armen  Mine  produced  2,577  kilogr.  of  aiini 
ulver  containing  88  per  cent,  silver,  and  670  tonnes  of  nlw  « 
containing  '28  per  cent,  silver,  worth,  respectively,  309,200  knat^ 
or  £17,177,  and  248,100  kroner,  or  £13,783. 

The  Gottes  Hiilfe  Mine  jnoduced  81  kilog.  native  BihrViai 
44*374  tonnes  of  silver  ore,  worth,  respectively,  £544  and  JC9k 

The  Hans  Sachsen  Mine  produced  37  kilog.  native  ahvai 
52'264  tonnes  of  silver  ore,  worth,  respectively,  £245  and  HA 
This  gives  a  total  for  Kongsberg  of  770  tonnes,  worth  £34,SS1 

In  1879  the  only  other  mine  in  Norway  producing  Amm 
the  Svenningdals  '  Mine  in  Yefsen.  This  produced  105  iami 
silver  ore  containing  about  1  per  cent,  of  silver,  worth  £6,11L 

Auriferous  quartz  has  recently  been  discovered  in  Non^.ii: 
whether  the  gold  is  present  in  sufBdent  amounts  to  be  remoieniiif 
has  not  yet  beeu  determined. 

COPPKU. — The  ore  masses  of  Roros  and  Dovre,  near  Trondije^' 
which  are  cuclosed  in  Lower  Cambrian  mica  schiste,  chloritic  idbil^ 
and  clay  slates,  are  always  conformable  with  the  strata,  and  aeff 
occur  a.s  true  veins.  The  niineralogical  character  of  these  depoak 
is  simple,  the  principal  ores  being  iron  pyrites,  copper  pjiili^ 
magnetic  pyrites,  and  sometimes,  at  the  outcrop,  magnetite.  BU 
and  galena  are  occasionally  met  with,  but  otherwise  the  beds  d 
the  slate-s  in  which  they  occur  are  poor  in  minerals.  Thebei 
may  be  divided  into  two  classes,  the  first  containing  iron  pjnla 
and  the  second  copper  pyrites  and  magnetic  pyrites.  Coffi 
pyrites  is  intimately  mixed  with  the  iron  pyrites,  but  the  mixtonrf 
copi)er  and  magnetic  pyrites  is  always  distinct.  The  iron  pjnhi' 
crystallizes  in  cubes,  and  contains  as  much  as  5  per  cent  ofcopji; 
in  the  copper  pyrites  and  magnetite  beds  this  percentage  is  «» 
what  greater,  while  in  the  Storvarts  Mine,  at  Roros,  the  eaffl 
roaches  7  per  cent.  The  magnetic  pyrites  contains  '2  perceati 
nickel  and  cobalt,  and  the  iron  pyrites  "25  per  cent,  of  these  null 

'  "  TaboUer  VeJkouimendc  Xorges  Hergvierksdrift,"  1882,  p,  W. 
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The  beds,  altnougTi  always  foiifuruiable,  are  exTreMuTpTy  iiToijiilar, 
so  that  they  sometimes  represent  short  masses,  with  but  little 
extension  eitVier  iu  the  direction  of  their  strike  or  dip.  Their  thick- 
ness is  varifible,  (he  thickest  mass  of  pyrites  being  probably  tliat  in 
the  abaodiined  mine  of  Liikkens,  namely  eighty-Hve  feet.  Thiek- 
uesses  of  from  thirty-three  to  forty-two  feet  are  sometimes  found  at 
Ytteroeu,  Foldal,  and  Unda!,  but  this  great  depth  is  exceptional, 
the  average  not  being  above  from  three  to  eighteen  inches.  At 
Foldal  the  extent  in  the  direction  of  the  strike  is  312  fathoms,  and 
ia  the  Storvarts  Mine  191  fathoms.  The  Roros  beds,  which  are 
nearly  horizontal,  have  been  followed  in  the  direction  of  their  dip 
for  about  710  fathoms.  The  pyrites  beds  usually  disappear  by 
thinning  out,  but  they  sometimes  become  divided  before  disappear- 
iug.  These  beds  aie  fuuud  in  certain  slates  only,  and  are  absent  in 
all  the  other  formations.  In  the  province  of  Trondhjem,  in 
SondQord  and  in  Soudhardland,  there  are  non-fossil iferous  slates 
which  are  reniaikabiy  rich  iu  pyrites.  TliLs  pyritiferous  formation 
frequently  lies  immediately  above  the  Azoic  rocks. 

In  the  large  pyrites  deposits  at  Ytteroen  slate  seams  alt<:'mate 
with  pjiites  ;  anil  in  the  middle  of  the  pyrites  bed  at  Uudal  there 
is  a  stratum  of  alum  slate,  with  a  strike  and  dip  coinciding  with 
that  of  the  pyrites.  It  is  remarkable  thatt  some  of  the  beds  con- 
taining pyrites  are  of  a  bbick  colour,  from  being  mixetl  with  a  certain 
proportion  of  carbon ;  thus  the  pyrites  from  Stordoen  contains  20 
per  cent,  of  that  substance.  It  is  well  known  that  pyrites  some- 
times replaces  organic  forms,  so  that  these  beds  may  possibly  have 
been  deposited  thruugli  the  instnimentsdity  of  organisms. 

The  yield  of  Roros  during  the  year  1879  was  as  fullows ; — 

The  Storvarts  Mine  jtrodiiced  2,380  tonnes  of  cofijier  ore,  con- 
taining 7  per  cent,  of  copper;  the  Ny->Solskin  Mine  SSD  titimes, 
containing  6"3  to  8  per  cent,  of  copper  ;  the  Kongens  and  An'edals 
Mines  1,020  tonnes,  containing  from  3  2  to  3"6  jier  cent,  of  copper; 
d  the  Gammel-Solskin  Mine  .'>]  0  tonne.'*  copjier  ore  ;  giving  a  total 
>r  the  Roros  district  of  G,8S0  tonnes  copper  ore,  worth  £17,770 
and  4,550  tonnes  cupriferous  iron  pyrites,  containing  43  per  cent, 
sulphur,  worth  £3,1  S.t." 

The  Varalso  Mine,  which  is  worked  u])on  a  bedded  vein  en- 
closed in  the  slates  of  the  island  of  the  same  name,  has,  during  the 
last  sixteen  years,  aftonled  an  average  yiehl  of  0,000  tons  of  pyrites 
annually.  This  ore  contains  less  than  1  per  cent,  of  copper,  but  irf 
almost  entirely  free  from  arsenic. 

«  "  Ta^iclliT  VpJkomniemle  Norgos  Bergrnpitsdrift,"  1882,  p.  19. 
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The  Yttero  Mine,  in  Ytteroen.  produced,  in  1870,  400  totines 
cupriferous  iron  pyrites,  and  6  tonnes  of  copper  ore,  wortb  £315. 

In  1879  the  VigsaaBS  Mine,  near  Stavanger,  produced  39,898 
tonnes  of  cupriferous  iron  pyrites,  worth  £69,500. 

The  ore  district  of  Tellemarken  begins  two  geograpliical  mik* 
from  Kougsberg,  and  extends  sixty-five  miles  to  the  went  and  south- 
west, and  forty -eiglit  miles  to  the  north,  of  that  town. 

The  rocks  of  the  district  consist  of  quartzites,  quartzite  slat««, 
hornblende  schists,  &c.,  and  these  are  penetrated  by  granite  and  are 
traversed  by  granitic  veins ;  in  some  places  these  granite  veins  contain 
cop[>er  ores.  Scheerer  *  describes  granite  veins  at  Stromsheien  on 
a  table-land  about  3,.S00  feet  above  the  sea,  between  Mohuid,  in 
Tellemarken,  and  Valle,  in  Siidersdalen  which,  although  occurring 
in  gneiss,  have  the  greatest  similarity  to  the  veins  in  the  slates 
of  Tellemarken. 

These  granite  veins,  which  are  of  variable  thickness,  namt-ly 
from  16  to  25  feet,  consist  of  a  granite  very  rich  in  quarts  but 
poor  in  mica,  containing,  as  accodsories,  magnetite,  garnet,  apatite, 
beryl,  and  various  other  minerals.  They  contain  copper  glance 
in  nests  and  ramifications,  in  such  a  way  that  Scheerer  waa  I«il 
to  8upiK)se  that  the  ore  and  granite  were  introduced  at  tlie  same 
time  by  igneous  fusion.  The  copper  ores  enclosed  within  the 
granite  of  Tellemarken  are  mixed  with  quartz,  and  of  this  b« 
describes  two  characteristic  examples,  namely ;  a  vein  at  the  Mobei^g 
Mine,  from  three  to  thirteen  feet  in  thickness,  and  almost  vertical, 
consisting  half  of  granite  and  half  of  quartz,  contaiuing  copper  ores, 
with  tellurium-bismuth;  and  a  thick  granite  vein  at  the  Nusmark 
Mine,  traversed  hy  regular  vein  fissures  running  obliquely  across  it, 
filled  with  quartz,  copper  glance,  and  variegated  copper  ore. 

Fig.  73,  after  Scheerer,  is  a  section  of  this  vein,  in  which  <t 
represents  mica  schist,  b  granite,  and  c  veins  of  quartz  containinj 
copper  ores. 

Herter^  tliinks  it  certain  that  the  quartz  and  copper  ores  we 
subsequently  deposited  in  fissures  in  the  granite  vein,  and  the 
can  be  but  little  doubt  that  the  copper  ores  and  quartz  fitli 
these  fissures  are  the  result  of  segregation  from  the  granite,  i 
the  same  way  that  the  gold  quartz  of  the  Australian  mullork  rci 
is  the  result  of  the  decomposition  of  an  eniptive  rock.  With  a 
increase  of  depth  all  the  copper  lo<les  of  Tellemarken  have  graduall/ 
ceased  to  be  worth  wor 
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A  thick  mass  of  diorite,  coursing  from  north  to  south,  continuous 
for  many  miles,  and  traversing  both  crystalline  slates  and  grau- 
wacke,  contains  at  Kaafjord,  in  latitude  09°  north,  various  copper 
lodes.  These  course  from  south-west  to  north-east,  are  from  one 
foot  to  fourteen  feet  in  thickness,  and  are  filled  with  a  breccia  of 
quartz,  calc  spar,  iron  pyrites,  and  copper  pyrites,  which  are 
cemented  together  by  altered  diorite. 

The  Kaafjord  Mine  produced,  in  1878,  2,700  tonnes  of  copper 
ore,  worth  £6,555,  and  employed  fifty-five  men.  In  1879  this  mine 
was  not  working.' 

Nickel.'^ — The  nickel  deposits  of  Ringerikes  occur  in  fahlbands. 
Their  production  in  1876  was  0,32U  tunnes  of  nickel  ore,  cnntain- 
ing  lo  per  cent,  of  nickel,  worth  375, (KJO  kroner,  or  £2lt,h33.  In 
1879  it  only  amounted  to  420  tonnes,  worth  £777.  Two  other 
mines  produced  nickel  ore  in  1879,  namely ;  Bamble,  300  tonnes, 
worth  £770  ;  and  the  Scnjeu  Mine.  3,828  tonnes,  worth  £5,000. 


Fra.  T(.— Vein  at  tli«  Nurotrk  Mine  ;  lioriumtal  secUoo. 

A  nickel  mine,  furmorly  of  great  importance,  is  that  of  Espedalen, 
near  the  town  of  Lillehammer.  The  district  is  composed  of  gabbro 
and  amphibolite,  b«ith  possessing  a  gneissic  structure  and  con- 
taining, in  fahlbaml-like  zones,  uickeliferous  magnetic  pyrites 
yielding  from  2  t<j  3  per  cent,  of  nickel,  with  nickeliferous  iron 
pyrites  containing  about  2'1  per  cent,  of  nickel  with  a  little  cojukt. 

The  production  in  1876  was  2,250  tonnes  of  nickel  ure,  worth 
£4,722,  but  since  that  year  no  ores  havo  been  raised  at  thi.s  mine. 

The  pnxluction  of  nickel  ores  in  Norway  has  of  latu  years  fallen 
off  considerably  ;  in  187G  the  total  yield  was  42,550  tonnes,  con- 
taining 332  tonnes  of  metallic  nickel,  worth  £143,333;  iu  1879  it 
was  only  4,548  tonnes,  containing  46  tonnes  of  metallic  nickel, 
value  £15,861. 

Cobalt. — The  c-ibaltiferous  fahlbands  of  the  district  lying 
around  Skutterud  and  Snaruni,  occur  in  crystalline  rocks  varying 

'  "  T»J)eller  Vedkomnieiide  Norgcs  Bfrgvrerkwlrift,"  1882,  ji,  19, 
»  T.  S«Leerer,  Bmj.  und  UiitUHm.  ZcU.  184.'.,  \^.  801. 
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in  character  between  gneiss  aud  mica  srliist,  but,  from  the  prescncd 
of  hornblende,  they  suinetimes  pass  into  hornblende  gchistjj ;  ttmuD^ 
the  accessory  minerals  are  garnet,  tourmaline,  and  gi-aphite.    These 
Rchists,  of  which  the  strike  is  north  and  south,  and  which  have  aa 
altiKjtst     perpendicular    dip,   contain    fuhlbanils    very    similar    in 
character  to  those  of  Kongsberg.     They  differ  from  those  .of  that 
locality,  however,  inasmuch   as    while,  here,  the    fahlbands    are 
often  sufficiently  impregnateJ  with  ore  to  pay  for  working.  tJiose 
of  Kongsberg,  although  to  some  extent  containing  disseminate 
sulphides,  are  only  of  importance  as  zones  of  enrichment  for  oi 
occurring  in  veins.     The  ore  zones  usually  follow  the  strike  and  di 
of  the  surrounding  rocks,  and  vary  in  breadth  from  2^  to  6  fathoms. 
The  distribution  of  the  ores  is   by  no  means  equal,  since  richer 
and  poorer  layers  have  received  special  names  and  are  easily  recug- 
jiised.     The  JSrzbdnder,  or  ore  bands,  are  distinguished  from  the 
JirirlirrzlMXTuier,  or    rich  ore    bands  ;    while    the    bands  of   nn» 
productive  rock  are  known  as  FelMLndfr.      The  predominant  rock 
of   the   fahlbands   is    A  quartzose   granular    mica    schist,    Trhicli 
gradually  passes  into   quartzite,  ordinary  mica  schist,    or  gneiss. 
The  -ores    worked     are    cobalt    glance,    arsenical    and    or<liii«rf 
pyrites  containing    cobalt,   skutterudite,    magnetic    iron    pyrites, 
copper  pyrites,  molybdenite,  and  galena.     It  is  remarkable  that  ia 
these  mines  nickel  ores  do  not  accompany  the  ores  of  cobalt  in! 
any  appreciable  quantity.     The  principal  fahlband    is  known 
extend  for  a  distance  of  about  six  miles,  and  is  bounded  on  the  east' 
by  a  mass  of  diorite  which  protrudes  into  the  fahlband,  while  ex- 
tending from  the  diorite  are  small  dykes  or  branches  traversing  it  in 
a  zigzag  course.     It  is  also  intersected  ty  dykes  of  coarse-grotDei 
granite  which  contain  no  ore,  but  which  penetrate  the  diorite. 

The  Skutterud  Mine  in  1879  produced  7,700  tonnes  of  cobali 
ore,  which  yielded  lOS  tonnes  of  cobalt  schlich,  containing  from  1 
to  11  per  cent,  of  cobalt,  and  worth  about  £11,000. 

Iron. — Tlie  rocks  in  the  vicinity  of  Arendal  ^  are  gneiss  ai 
various  crystalline  schists,  which  enclose  beils  uf  limestone,  and  o; 
pass  over  into  mica  schist  or  hornblende  schist.  These  rocks  strike 
north-east  and  south-west,  dip  at  a  considerable  angle  south-weAU 
and  enclose  numerous  dejKisif*  of  magnetite  more  or  less  mixed 
\f  ith  specular  iron  ore,  in  a  belt  sixteen  miles  in  length,  parallel  witH 
the  cnast,  and  extending  from  Oyestad  to  Flackstad.  I 

The  ore  masses  are  of  a  lenticuhir  form,  vary  from  6  to  6a 

feet  in  thickne.ss  and  fKJUt^         to  600  feet  in  lengthy  ami  turn 
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surrounded  bj  a  peculiar  envelope,  consisting  of  a  mixture  of  the 
constituents  of  the  metalliferous  bed  and  of  the  countr}-  rock;  the 
principal  minerals  being  mica,  honibletide,  epitlote,  garuet,  calcito, 
and  magnetite.  The  centre  of  the  bed  usually  consists  of  magnetite, 
which  is  sometimes  coarsely  granular,  but  is  alwaya  accompanied 
by  augite,  hornblende,  garnet,  calcite,  and  the  constituents  of  gneiss, 
as  well  as  by  various  otl>er  minerals.  These,  when  crystallized, 
have  rounded  faces,  a  peculiarity  frequent  with  crystals  formed  in 
gnumlar  limestone.  A  Bomewhat  foliated  texture  parallel  to  that 
of  the  enclosing  rock,  and  representing  the  longitudinal  extension 
of  the  lenticul.ar  masses,  is  often  to  be  remarked.  A  great  variety 
of  minerals  are  found  in  the  fissures  which  traverse  the  ore  bed  ; 
among  these  may  be  iuentioned  stilbite,  datolite,  prehnite,  fluor 
spar,  &c.  Granitic  veins,  coutaining  many  rare  minerals,  traverse 
equally  the  ore  bed  and  the  country  rock.  The  different  beds  have 
very  different  forms,  and  do  not  all  contain  the  s.ime  minerals,  so 
that  each  exhibits  distinct  individual  peculiarities. 

Haussmann  states  that  these  deposits,  as  well  as  the  enclosing 
rocks,  are  traversed  by  three  distinct  vein  formations,  namely :  by 
veins  whose  composition  is  similar  to  tliat  of  the  ore  deposit ;  by 
veins  composed  of  felspar  and  calc  spar,  containing  titanite ;  and, 
lastly,  by  veins  of  coarsely  granular  granite. 

No  returns  wcro  made  for  Arendal  in  187!),  and  in  that  year 
the  production  of  iron  ore  in  Norway  was  confined  to  the  Naes  og 
Egelands  Mines,  and  the  Fensgruberno  in  Holden,  prfxlucing,  re- 
spectively, 2,40n  tonnes,  and  5,660  tonnes,  of  iron  ore,  worth  £1,0.55 
and  £2,500  ;  employing  in  the  aggregate  thirty-eight  miners. 


OlinSRAI.  .SITMM.VRY  OT  THR  PRODrCTION  OF  MktALUFEIIOUS  MlSKllAUS 

IK  Norway  DVRiNo  tub  Yeah  1879.' 


nncriptlon  or  Ore. 

QnonUHn. 

ViiIq<  a. 

Silrer  ore 

Iron  ore 

Copper  ore      

Cupriferous  iron  pj'rite*  . 

Nickel  ore 

Cobalt  ore 

Zinc  and  lead  ore  .... 

Tonnea 

875 

8.060 

10,469 

50,318 

4,548 

108 

9 

Kmiirr. 

726,000 

«4,00O 

640,000 

1,895,700 

118,000 

200,000 

300 

£ 

40,334 
3,556 

35,556 

77,639 
6,556 

11,112 
17 

Total  Titloe  of  MetallireronsTninerals 
prodnced  in  1879     ...... 

3,114,000 

£174,670 

'   From  "  Tabeller  Vedkommcndo  Norp;c»  RcrgTwiksdrift,"  Chnalianis,  1882. 
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A  largo  portion  of  the  surface  of  Sweden  is  composed  of 
crystalline  rocks,  such  as  granite,  gneiss,  porphyry,  &c.,  and  inthete 
the  most  iiniwrtant  metalliferous  deposits  have  been  discoTerei 
The  crystalline  Primary  rocks  are,  generally  speaking,  immediatdr 
covered  by  beds  of  Quaternary  age,  and  a  very  small  portion  onb 
of  the  intermediate  formations  are  represented.  Of  these,  rocfa^ 
Silurian  ago  occupy  the  largest  area. 

Lead  and  Silvek. — The  argentiferous  lead  ores  of  Salaocat 
in  irregular  veins,  coursing  through  granular  limestone,  td 
arc  more  or  less  mixed  with  such  minerals  as  calcite,  chlon^ 
talc,  sahlito,  epidotc,  and  actinolite.  They  are  also  associated  iHA 
layers  of  hiilleflinta  and  serpentine,  while  quartz,  heavy  8pu,iai 
some  other  minerals  are  occasionally  present.  The  galesi  ii 
usually  accompanied  by  other  metallic  sulphides,  such  as  im 
pyrites,  magnetic  pyrites,  blende,  gcocronite,  boulangerite,  ud, 
more  rarely,  with  stibnite,  raispickel,  &c.  The  silver  usnallyoccn 
as  sulphide  in  the  form  of  argentiferous  galena,  and  bat  nn^ 
either  in  the  native  state  or  in  combination  with  other  meklSe 
elements,  although  specimens  of  native  amalgam  are  htm 
to  have  btH>n  found  at  Sala  about  two  hundred  yean  agg. 
As  the  di'iH»sits  are  not  sopinited  from  the  enclosing  rocblj 
wi'll-di'tiued  Willis,  the  ores  are  oftc?n  disseminated  through  tlie 
surroundint;  liuK'stuue.  or  iniiltrated  into  its  fissures  to  a  distanced 
sevi'fal  fiithitms  fn)m  the  more  concentrated  masses.  This sometinw 
Uikt's  ])huv  at  one  side,  and  sometimes  on  the  other,  but  occasiomllj 
on  lutth  sides  of  tho  vein.  The  disseminated  ore  gradually  de- 
i-n-asi's  in  (luautity  as  a  gri-ater  distance  from  the  main  deposit  ii 
ri-ached,  until  it  at  It-ngth  becomes  too  p(x>r  for  working,  ud 
gradually  pjussi's  into  a  pure  limestone  entirely  destitute  of  at 
The  old  mint'  of  Sala  is  remarkable  as  having  been  wrought  It 
the  depth  of  105  fathoms  almost  entirely  without  the  \mi 
guii|K)wder,  the  primitive  method  of  fire-setting  being  contiinai 
to  the  present  time. 

Similar  deposits  are  found  at  L()fas  in  Dalecarlia,  ud  (Uk 
nu'dshyttau  in  Westinanland,  where  lead  ores  occur  in 
limestones   belonging   to    the  crystalline   slates.     The 
of  lead  and  silver  ore   at  Sala  during  the  ten  years  fii 
to  1N7!>  inclusive,  was  S.*5,<Sj.*}  tonnes,  or  an  average  of  fl^tSb 
per  anniim.^ 

'  J-  ,;ib'i,l„irl.->  Aiinnler,  1883,  {».  ttL 
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Tile  Lufas  Mine,  which  is  fifty  fathoms  ia  depth,  produced, 
from  1870  to  1879,  729  tonnes  of  silver  lead  ore,  giving  an  annual 
average  of  73  tonnes. 

Zmc. — The  most  important  zinc  mine  in  Sweden  is  that 
of  Ammeberg,^  which  lies  between  the  great  lakes  Weuer  and 
Wetter,  and  belongs  to  the  famous  Belgian  company  Lu  Vieille 
Montagne.  Here  a  remarkable  lieposit  of  blende  occurs  in  granitic 
gneiss,  forming  a  belt  2.50  fathoms  in  thickness,  which  can  be 
followed  for  a  distance  of  nearly  two  miles  along  its  strike.  This 
zone  is  composed  of  a  gneLss  consisting  of  a  mixture  of  grey  felspar 
and  quartz,  with  but  little  mica.  The  enclosed  deposit  of  blende 
has  a  verj'  varying  thickness,  dips  at  auglos  of  from  70"  to  80",  and 
consists  of  a  number  of  lenticular  masses  which  sometimes  attain  a 
thickness  exceeding  twelve  fathoms.  In  many  places  blende  can  be 
teen  to  replace  the  mica  of  the  gneiss,  but  geodes  of  ore  never  occur 
in  these  deposits.  The  blende,  which  ia  black  to  yellowish  in  colour,  is 
rarely  accoinpuuie<.l  by  galena,  but  more  frequently  by  iron  pyrites 
and  magnetic  pyrites.     The  other  minerals  found  with  the  zinc  ore 

araazonstone,  hornblende,  talc,  chlorite,  garnet,  black  tourmaline, 
and  bitumen ;  calc  spar  is  rare,  and  neillier  magnetite,  magnetic 
pyrites,  nor  iron  pyrites  beds  accompany  the  blende. 

The  present  depth  of  this  mine  ia  oH  fathoms,  and,  tluring 
the  period  1870  to  1870  inclusive,  it  pruiluced  341,524'  tonnes  of 
zinc  ore,  and  14,439  tonnes  of  argentiferous  galena;  an  average, 
respectively,  of  34,152  tonnes  of  ziuc  ore,  and  1,444  tonnes  of  lead 
ore,  per  annum.* 

Copper. — The  well-known  copper  ore  deposit  of  Falun '  has 
been  generally  described  as  a  segregation  on  account  of  its  large 
dimensions,  and  is  i>robably  to  be  regarded  as  a  bedded  dejwsit. 
The  ores  are  associated  witli  a  massive  stratum  of  a  grey  splintery 
quartz,  whicli  is  enclosed  in  mica  schist  rich  in  (juaitz ;  the 
schist  is  interstratitie<l  in  the  gneiss.  In  the  quartz  bed  small 
quantities  of  the  alkalies  and  a  little  alumina  have  been  found, 
and  it  has  therefore  been  sometimes  regarded  as  a  variety  of 
halleHinta. 

The  so-called  concretions  form  lenticular  masses  generally 
mnning  parallel  to  the  strati tication,  and  in  a  bed  which  con- 
tains enclosures  of  magnetite  and  pyrites  are  lenticular  masses 
of  ore  sometimes  attaining  a  thickness  of  above  thirty  feet,  and 
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'  F.  M.  SUj.fr.  Bery.  und  B«U/^m.  Zeit.  1861,  p.  262.  B.  Turley,  Ibid.  186«,  p.  406. 

*  JcmJcmtttrrtta  AniuiUr,  1883,  p.  32. 

»  F.  M.  Supff,  Brnj.  und  IliUUnm.  ZcU.  1861,  p.  19B. 
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contiauitig  for  a  distnncc  of  100  feet  along  tlicir  line  of  8trik« 
These  masses  consist  principally  of  iron  pyrites,  inaynett  ■  •    ->  - 
and  copper  pyritea.  Thin  lainiuu!  of  chlorite  and  «pi;irtz  iire  1 
enclosed  in  the  niass ;  but  blende  and  galeiia  are  somewhat 
The  ore  masses  Imve  no  well-defined  bovinduries,  but  pais  ova 
gradually  into  the  country  rock.     The  ipiartx  be«l  is  intersortedi 
various  directions  by  irregtilar  bands  uf  talonsie  or  chloritic  nN 
which   the    miners  call  akGlar ;    thcso    enclose    fine    crystals 
magnetite,   gahnite,  garnet,  falunite,  &c.      Irregular   pyntic  lei 
taules  are  enclose*!  in  the  skoiar,  their  ]>rincipal  mass  coi 
tiuely  ^anular  iron  pyrites  and  copper  pyrites  with,  in  plaL.  .  „.;..,. 
and  galena.    Besides  ore  aud  skoiar  the  quitrtz  bet]  coutains  dikb 
and  limestone.     Hiirdmnlm,  (liard  ore)  is  the  name  given  by  th 
Falun  miners  to  the  ore  consisting  of  pyrites    with   quartz;  tbtj 
richest  in  copper  and  the  purest  variety  of  ore.     Wh«re  theuituitr 
rock  is  impre>.cnatod  with  ore  the  mineral  from  such  imiiregnatiouj 
bears   the  name  (vikmaim  (doubtful  ore),  because   from  mere  in-j 
spection  the  miners  are  uoable  to  determine  whether  it  can 
worked  at  a  profit.     Ores  consisting  of  pure  pyrites  are  tennftll 
blotmalm  (soft  ore),  and  are  very  similar  t4i  those  of  the  RAmmeUlwig, 
but  are  generally  more  crystalline.      Srgnialm  (tough  ore)  ii  i 
mixluro  of  pyrites  with  talc,  chlorite,  and  black  mica.     TI»e  pro- 
portion of  copper  in  the  pyrites  treated  varies    from  I  to  2  per 
cent.,  and  in  the  "  hard  ore  "  from  3  to  4  percent.    Professor  Eggott  | 
foun<l   traces    of   gold     in  the  Falun  copper,  but   was  unable  tn 
discover  from  which  particular  variety  of  ore  it  was  derived,    Thi* 
mine,  which  is  194  fathoms   in  depth,   yielded,  during  the  ten  | 
years  immediately  [jreceding   IS80,  an  average  of  24,438  lotJOM 
of  cupriferous  pyrites,  ami  1,1SI  tonnes  of  iron  pyrites,  annually.' 

At  Tunaberg  the  ore  occurs  in  a  bed  of  granular  limntane 
in  grey  gneiss.  The  limestone  cojjlains,  principally,  hombU'DtJo, 
mica,  serpentine,  lead,  silver,  copper,  ami  cobalt  ores;  oopf»f 
pyrites  and  cobalt  glance  being  the  most  frequent. 

This  mine  is  S>8  fathoms  in  depth,  and  during  the  last  ten  vf^s 
has  annually  prmliiced  about  28(5  tonnes  of  copjH.'r  ore."  j 

The  fahlbands  of  Are-skuttfln,  in   Jiimtland,  are  wrought  fof 
copjK-r  pyrites.     The  Loos  Mine,  on  the  road  from   Falun   to  Ares' 
kuttan,  is  worked  on  masses  of  amphiboHte,  which  are  enclosed  in 
mica  schists  and  (juartz  beds.     The  amphiboUte  contains  enclosures  | 
of  enibescite,  cojiper  pyrites,  iron  pyrites,  blende,  speiss  cobaltf  j 
cobalt  pyrites,  nickel  glance,  quartz,  calc  spar,  and  anorthite. 

>  JemkouUrrU  Anruilrr,  1883,  p.  30.  »  /Wrf.  jt  Jl 
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Iron. — At  Danneniora,  in  Upland,  north  of  Upsala,  coarsely 
foliated  gneiss  encloses  a  bruati  zone  of  hiillefliuta  with  cliloritio 
echist,  granular  limestone,  and  inters tratified  bed.s  of  magnetic  iron 
ore.  The  latter  have  the  characteristic  lenticular  sliape,  and  form  a 
great  segregated  deposit,  which  has  been  worked  along  tlie  out- 
crop for  a  distsmce  of  more  than  a  mile.  This  deposit  is  in  the 
middle  above  180  feet  in  thickness,  but  gratlvially  decreases  on 
both  side.s.  Tfie  ore,  which  contains  manganese,  is  a  very  finely 
granular  magnetite,  inixwl  witli  particles  of  chlorite,  together  with 
a  little  calc  spar  and  brown  spar.  Bands  of  chloritic  .slate,  skolar, 
up  to  twelve  feet  in  thickness,  traverpe  the  ore  deposits.  The 
purest  magnetite  tx:c«pies  the  mi<ldle  of  the  deposit,  while  nenr 
the  edges  iron  pyrites,  copper  pyrites,  blende,  galena,  arsenical 
pyrites,  quartz,  garnet,  asbestos,  heavy  spar,  anthracite,  &c.,  occur. 

This  mine  is  110  fathoms  in  depth,  and  during  the  last  ten 
jrears  has  annually  produced  about  35,300  tonnes  of  iron  ore.' 

At  Taberg,  near  Jonkijpiiig  in  SrnSlarid,  the  mountain  rises 
iibout  400  feet  above  the  surrounding  gneiss.  Opinions  have  con- 
siderably diflered  with  regard  to  the  character  of  this  deposit,  but 
Ji..  Sjogren,-  who  has  examined  a  number  of  sections  under  the 
microscope,  finds  that  the  entire  mountain  consists  of  a  granular 
crystalline  mixture  of  magnetite  and  olivine  with  some  plagioclase, 
mica,  and  apatite,  a.s  accessory  constituents;  but  pyroxene  and 
hornblende  are  entirely  absent,  The  olivine  is  very  fresh,  being 
only  exceptionally  serpentiuized. 

The  average  annual  production  of  iron  ore  at  Taberg  during 
the  last  ten  years  has  been  about  8,250  tonnes. 

The  beds  worked  in  Wermland  in  the  neighbourhoods  of 
PhilippstAdt,  Nordmark,  Ldngbanhytta,  Pajsberg,  &c.,  are  very 
rich  in  ore.  The  beds  of  Pajsberg  aro  enclosed  in  crystal Une 
granular  dolomites  from  20  to  100  fathoms  in  thickness;  these 
dolomites  contain  granular  concretions  of  hausmannite.^  The  beds, 
which  are  from  ti  to  18  feet  in  thickness,  and  are  continuous 
for  about  thirty  fathoms  along  their  strike,  consist  of  magnetite, 
specular  iron  ore,  and  liausmannite,  together  with  pyrochroite, 
tephroite,  chondroarsenite,  heavy  spar,  diallogite,  asphaltum, 
garnet,  chlorite,  serpentine,  &c. 

The  island  of  Utii,  a  few  miles  fouth  of  Stockholm,  con- 
sista  largely  of  a  highly  felspathic  gneiss,  which  is  traverfed  by 

'  JernkontoTfU  AnnaUr,  1883,  p.  32. 

'  Jnhrh.  f.  hlin.  1876.  p.  434. 

^  1,.  i.  IgeJBtrom,  Btr^.  nnd  imitiim.  Zdt,  1866,  p.  21. 
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I  oCgnahe.  Tbe  irm  an  depoat,  whicJi  u  embedded 
ia  tlM  gmam  aad  hi  amettiutfA  wes  dka^  borableade  litim, 
MlldHm— .  aad  ^ibwIh  Kmrmmmi,  m  mmntimm  m»  maeh  lui  IS 
faot  ia  tkkliw»  aad  eowitli  «f  a  nixtare  cf  •peroUr  iron  on 
Bi^BCtie  ima  on,  aad  qaarta,  Hmmb  miaerala  ai»  afinoro[MiBd 
bjr  iivn  pjrite*,  nagoeUc  pyrites,  araenied  pjrritea,  galenas  ud 
ebafeoeite,  togedicr  with  aative  silver.  (Stanitic  veina,  oOBtaiaa^ 
iMiili  lili  witli  tonnaaliae,  lefUaiite,  petalito.  ^kc^  invene 
bed,  in  ibe  fisores  of  wbicli  trrtt^ia  of  caJc  jipar.  apophvIUie,  i 
qaaili;  are  feoad.  The  deptii  of  the  woridngs  is  1 20 
•ad  the  afctage  aamxal  oatpat  of  iron  ore  about  1 0,34M)  toiuM*. 

The   iroo   ore  depocita  of   the    moantjun   of  OcIIit-an.' 
Lnleh-Lappoari^,  are  exoeedtngly  rich,  bat,  on  accoont  of 
geographinl  poaitioa,  latitude  07*  20'  N.,  are  not  practtcdlj 
importanl    The  beds  attain  a  thickneas  varying  from  60  to 
fee^  and  maj  be  traced  for  a  distanoe  of  nearljr  fnur  ruiJca 
Ih^  ctrike.    Tbej  oontr  in  red  gneiai.  aad  consist  of  a 
of  specular  inm  ore  aad  ntagnetite,  containing   hornblende 
qasrtz ;  more  rarely  apatit«.  calc  spar,  aad  corundum. 

I^e  ores'  are  found  in  many  of  the  Scandinavian 
most  frequently  in  SouUand,  Southern  0«8t«rgvtJaad,  N< 
western  Dalamc.  in  Heijekialen,  in  parts  of  Jamtlapti, 
the  wholi;  of  Norrland.  and  mnre  rarely  in  Uehdnglaoii, 
tiiklaod,  Souiheni  Dalatne,  and  Wormland.  In  some  pronnoe^ 
however,  H»  in  Uplaud,  Soiennanlaml,  Westerg^>tland,  Ac,  fhiej 
arc  entirely  absent.  Abunflonce  of  fuvl  and  the  abseoee  of 
i»th<-r  oro,  is  the  chief  reason  why  in  some  provinces  these  ora 
linvii  been  butter  invcHtigated  and  more  extensively  worked  tlua 
iti  others.  The  districts  ricbe-ttt  in  such  ores  have  a  sandy  soil,  and 
are  more  or  less  covered  by  forests  and  peat  bogs.  Stapff  u  of 
opinion  that  lake  iron  ore  is  formed  in  the  same  way  as  bog  iroo 
ori!,  ami  he  points  out  that  in  the  lake  of  Tiskcn,  near  Falun,  the 
water  from  tlic  mine  and  from  the  slag  heaps  has  deposited  *  bed 
of  (H'hre  extending  over  the  entire  bottom  of  the  bike  within  ■ 
period  of  about  6U0  years ;  this  bed  is  in  places  above  ten  fe«t 
ill  thickn<'.s».  Lake  ores  when  first  collected  are  blackisb-gRy, 
brownlHli,  or  greenish  ochre-like  slimes ;  on  hardening,  howevtr, 
little  ;;lubitlar  mosses  analogous  to  those  of  oolitic  iron  ores  arc 
often  formed. 


1803,  II.  3i« 
»  K.  M. 


>  JtmkontortlM  Anwthr,  1S83,  p.   92.     B.   Turley,   Btrg.  nmd  HUUmm, 
Alapff,  ZtU.  d.  d.  geol.  Ottlhck,  vul.  xriii.  I8M,  p.  M. 
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Ehrenberg  (1836)  first  suggested  that  these  ores  are  produced 
Ijy  certain  iafusoria,  which  build  cells  mainly  composed  of  hydrated 
oxide  of  iron.     The  Gallionella /erruginea  is  especially  an  industri- 
ous manufacturer  of  iron  ore  by  secretion  from  dilute  iron  solu- 
tions.   The  greater  or  lesser  solubility  of  iron  does  not  entirely 
'    depend  on  the  amount  of  organic  or  other  acids  present  in  the 
-    water,  but  is  also  influenced  by  the  mineralogical  composition  of 
the  ferruginous  materials  from  which  it  is  derived.    Felspars  rich 
i-   in  potash  are  more  slowly  decomposed  by  acids  than  those  contain- 
\    ing  soda  or  lime.    Amphibolites,  diorites,  diabases,  gabbros,  and 
:    "  bastites,"  containing  iron  pyiites,  copper  pyrites,  magnetic  pyrites, 
magnetite  and  titaniferous  iron  ore,  as  accessory  constituents,  are 
of  frequent  occurrence  throughout  Smaland. 

Lake  ores  are  not  found  at  a  greater  depth  than  about  thirty 
feet,  and  are  rarely  nearer  to  the  shore  than  from  thirty  to  forty 
feet.  The  thickness  of  the  beds  of  lake  ore  rarely  exceeds  eighteen 
inches,  but  they  are  sometimes  worked  when  only  from  four  to  six 
inches  thick.  Experience  shows  that  such  a  stratum  can  be 
renewed  in  from  fifteen  to  thirty  years. 

During  ten  years,  1870  to  1879,  the  average  annual  production 
of  metalliferous  minerals  in  Sweden  was  as  follows  : — ^ 

Tonnes. 

T  f  mine 748.427 

Iron  ore  ^  .  ,  ,  ,  „'  „„ 

I  lake  and  bog     .    .    .  8,872 

Copper  ore 40,638 

Zinc  ore 34,718 

Silver  and  lead  ore 11,010 

Nickel  ore 4,319 

Iron  pyrites 1,517 

Manganese  ore 538 

Cobalt  ore 153 

Total  .    .    .     850,192 

The  production  of  iron  ore  in  Sweden  has  considerably  in- 
creased during  the  last  few  years.  In  1881  iron  ore  was  raised 
in  thirteen  of  the  twenty-four  provinces,  with  a  total  output  of 
806,000  tonnes.  The  largest  amount  of  iron  ore  was  produced  in 
the  province  of  Orebro,  whose  262  mines  furnished  220,000  tonnes  ; 
next  comes  Kopparberg,  with  181  mines,  yielding  210,000  tonnes, 
and  Westmanland,  producing  170,000  tonnes  from  fifty-seven  mines.* 

»  JemkorUoreli  AnnaJer,  1883,  p.  32. 
*  Iron,  1883,  vol.  xxi.  p.  414. 
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THE  RUSSIAN  EMPIRE, 

European  Russia  consists  of  an  immense  expanse  d  pU^ 
flanked  by  the  mountain  ranges  of  the  Timan,  the  Undittd^ 
Caucasus,  almost  entirely  composed  of  sedimraitary  rocki^  iriniiM 
frequently  covered  by  thick  alluvial  deposits. 

Great  regularity  predominates  in  the  structure  of  these  fn» 
tioDS,  ore  deposits  occturring  only  in  areas  oocujned  l^tbedii/ 
rocks,  as  in  the  district  of  Oloneti,  St  Petersbuig,  sod  iitli 
south  of  Russia.    Devonian  rocks  form  a  large  basin  in 
Russia,  and  in  Poland  contain  deposits  of  copper.    Iron  ore 
in  the  Carboniferous  rocks  of  Poland,  and  copper  ore  is  fimad 
various  places  in  rocks  of  Permian  age.    The  Tiiaasic  vAt  i 
Poland  are  analogous  to  those  of  Upper  Silesia  and,  libtki^ 
contain  deposits  of  calamine,  galena,  and  iron  ore. 

The  principal  metals  produced  in  Russia  are  gold,  plitM^^ 
silver,  copper,  lead,  zinc,  and  ijron;  tin,  nickel,  and  cobalt  sbo  wi^ 
in  very  subordinate  quantities.  The  chief  sources  of  tbe 
valuable  metals  are  the  mountain  chains  of  the  Ural  and  theill^ 
particularly  the  former.  Copper  is  found  not  only  in  those  npn^ 
but  also  in  the  Caucasus,  in  Finland,  and  in  the  Kirgheie  wpd. 
Iron  occurs  abundantly  in  the  Ural  Mountains,  in  portions  cf  tb 
Altai,  and  in  some  of  the  southern  and  central  points  of  the  empn; 
also  in  Poland,  Finland,  and  the  north.  The  zinc  deposits  of  Fold 
are  now  among  the  most  productive  in  Europe. 

Mining  had  not  assumed  an  important  position  among  fti 
industries  of  Russia  until  about  the  year  1700,  from  which  penl 
until  the  reign  of  Elizabeth  its  development  pn^rressed  verjnqiifif. 
Towards  the  latter  half  of  the  last  century,  however,  a  deprani 
commenced  in  this  class  of  industry,  which,  after  extending  oret 
several  years,  haf<  of  late  shown  marked  indications  of  improvenmt* 

Ural   Mountains. — From  a  geological    point  of  view  tk 
western  and  eastern  declivities  of  the  Ural  chain  differ  verrcfa* 
siderably.    The  western  slopes  are  formed  by  hills  parallel  to  tkl 
principal  axis  of  the  chain,  gradually  lowering  towards  tbe 
These  hills  are  composed  of  sedimentary  rocks  in  which, 
near  the  principal  axis  of  the  range,  are  enclosed  masses  of 
diabase,  and  dioritc ;  in  proportion  as  these  disappeir 

*  "  Apr ivQ  des  RichesMS  Minerales  de  la  Riiasie  d'Ennft ' 
tnrnt  doa  Minra  du  Minislire  du  Domaine  de  I'fitat,"  Paria.  1 
"  Tnldnaux    StatiHtiqurs  de    I'lndnstrie    des   Mines  en  Bl 
J.  I>.  Hague,  "  Mining  Iudu8tri«s,"  1878,  p.  247. 
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become  less  disturbed,  and  gradually  attain  exceptional  regularity 
as  they  approach  the  lowlands  of  the  west. 

The  eastern  side  of  the  rauge  is  entirely  dififerent,  becoming,  at 
a  relatively  small  distance  from  the  axis,  flat  and  uniform,  the 
mountain  sides  being  formed  almost  entirely  of  plutonic  rocks 
enclosing  imbedded  fragments  of  sediintntjiry  strata.  Faults 
and  slides  are  of  frequent  occurrence  both  in  the  mountains  and 
in  the  flat  country  as  far  as  the  eruptive  rocks  extend. 

A  geological  maj)  of  the  western  sloyie  of  the  Ural  exhibits 
Silurian,  Devonian,  €!arbonifcrous,  and  Permian  rocks,  arranged 
as  more  or  less  parallel  bauds.  On  tiio  eastern  side  of  the 
chain  the  rocks  also  exhibit  parallel  bautls,  but  they  are  very  much 
contorted  and  confused.  An  area  of  Pertiiiuu  rooks,  of  considerable 
thickness  and  extent,  overlies  the  Carboniferous  .strata  of  the 
western  slojie,  while  on  the  eastern  side  Carboniferous,  or  still  older, 
strata  are  overlain  by  Tertiary  or  Post-Tertiary  rock.s  extending 
over  the  immense  steppes  of  Siberia.  Cretaceous  strata  occur  in 
the  southern  portion  of  the  chain,  while  a  large  number  of  quartz 
veins,  some  of  which  contain  gold,  are  met  with  in  the  south- 
eastern slope. 

The  gold  of  the  Ural  Mountains  occurs  under  two  distinct 
condition-s,  namely,  in  original  deposits,  and  in  detrital  beds  of 
auriferous  sands.  In  original  de-jjosits  the  gold  may  either  be 
enclosed  in  quartzose  veins,  or  be  disseminated  in  such  rocks  as 
diorites,  seqientines,  &c.  Beds  of  auriferous  sands  may  be 
deposited  either  near  the  original  sources  of  the  gold,  or  have 
been  transjxirted  by  the  action  of  water  and  accumulated  at  a  con- 
siderable distance  from  them. 

Deposits  of  gold  enclused  in  solid  rock  are  worked  in  the  district 
of  Beresovsk  in  the  southern  Ural,  and  in  the  districts  of  Werkh- 
Issetsk,  Newiansk,  and  Goroblagodatsk.  Other  deposits  which, 
like  the  above,  principally  t>ccur  in  Asia,  were  formerly  worked. 

The  Beresovsk  veins  are  especially  interesting  on  account  of 
the  influence  exercised  upon  them  by  the  country  rock.  In  this 
locality  tlie  crystalline  schists  are  traversed  by  dykes  of  finely 
granular  granite,  and  it  i.s  ordy  in  the  vicinity  of  these  that  the 
quartz  veins  are  found  productive.  The  granite  near  the  auriferous 
veins  is  impregnated  with  iron  pyrites  which  has  become  partially 
converted  into  brown  iron  ore;  this  variety  of  granite  has  received 
the  name  of  "  beresite."  The  average  yield  of  the  quartz  veins  which 
have  been  worked  is  thirteen  grammes,  or  about  eiglit  pennyweights, 
to  the  tonne.     The  gold  is  accompli  nied  by  iron  pyrites,  galena. 
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grey  copper,  plumosite,  brown  haematite,  crocoisite,  pyromorphite, 
vauquelinite,  bismuth  ochre,  and  native  silver.  A  large  number  of 
gold  deposits  belonging  to  this  class  doubtless  exist  in  the  Ural, 
but  a  relatively  small  number  only  have  been  worked. 

In  auriferous  sands  the  gold  occurs  in  fine  particles  which 
can  rarely  be  detected  by  the  naked  eye.  These  sands  are 
accumulated  in  beds  varying  from  the  thinnest  layer  to  above 
twelve  feet ;  their  ordinary  thickness  is.  however,  between 
eighteen  inches  and  tliree  feet.  Their  extent  is  as  variable  as 
their  thickness,  but  theb  length  rarely  exceeds  1,.500  feet. 
The  auriferous  bed  of  Balbouk  is,  however,  about  two  miles  in 
length,  while  the  longitudinal  extent  of  another  deposit  ex- 
ceeds three  and  a  half  miles.  The  width  of  such  accumulations 
is  sometimes  very  small,  but,  generally  speaking,  varies  between 
60  and  300  feet.  The  auriferous  detritus  of  the  Ural  is  usually 
found  either  in  valleys  or  the  beds  of  streams  or  rivers,  and,  besides 
yielding  gold  in  the  form  of  dust  or  fine  grains,  sometimes  furnishes 
nuggets  of  considerable  size ;  the  largest  of  which,  weighing  I,lo8 
troy  ounces,  was  found  in  the  district  of  Miask.  The  rocks  under- 
lying these  deposits  are  of  various  kinds,  including  granite,  gneiss, 
beresite,  augite-porphyry,  serpentine,  chlorite  schist,  talc  schist,  clay 
slate,  limestone,  itc,  and  wherever  a  depression  occurs  in  the  surface 
of  the  bed-nxik  the  proportion  of  gold  increa.scs.  These  beds, 
which  are  mainly  composed  of  gravel,  sand,  and  clay,  associated 
with  water-worn  fragments  of  various  rocks,  contain,  in  addition 
to  native  gold,  platinum,  iridium,  ])alladium,  iridosmine,  titaniferous 
iron  ore,  iron  pyrites,  garnet,  zircon,  diamond,  and  many  other 
minerals.  Wlierever  magnetic  iron  <x;curs  to  any  large  extent  the 
jKTcentage  of  gold  in  the  sand  almost  invariably  becomes  greater. 
The  age  of  these  alluvial  beds  is  comparatively  recent,  since 
remains  oi  Ehjihas primigcnius  and  Rhini)C4:ro$  ticliorhiniis  have  at 
various  times  been  found  in  them. 

Vein  mining  is  still  carried  on  in  the  Ural,  although  upon  a 
somewhat  limited  scale,  the  district  of  Beresovsk,  in  which  veins 
of  gold-bearing  quartz  have  long  been  worked,  being  still  tbe 
principal  centre  for  this  class  of  mining. 

It  appears,  from  official  returns  relating  to  the  placers  of  the  Ural 
Mountains,  that  5,300  kilogr.  of  g<ild,  equivalent  to  1 70.400  oz.  troy, 
were  obtained  in  1875  from  4,24-0.000  tonnes  of  auriferous  sand; 
which  corresponds  to  about  twenty  grains  of  gold  per  tonne  of 
material  washed. 

Almost  the  whole  o^  loed  in  the  Russian  Empire 
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ia  obtained  by  placer  mining  ;  the  total  yield  from  the  year  1753, 
when  gold  waalung  was  first  commenced,  to  the  end  of  1876, 
amounted  to  91,427,681  oz.,  of  the  approximate  value  of 
£128,000,000. 

The  annual  production  of  gold  in  Russia  from  the  beginning  of 
1867  to  the  end  of  1877  is  given  in  the  following  table  : — 
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»(>3 
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18,973,281 

1,711 

900,768 

3,783,226 

18«9 

1.12» 
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16,996,531 

2.007 

1,056,591 

4,437,682 
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2,400 

1,263,500 
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'  1872 

1,055 

1,044,027,586 

16,825,623 

2,331 

1,227,172 

5,154,122 

1   1873 

1,018 

954,648,764 

15,385,187 

2,025 

l,0fi8,070 

4,477,494 

1874 

1,035 

937,578,045 

16,110,074 

2,027 

1.067,120 

4,481,904 

1875 

1,092 

1,007,293,492 

16,233,618 

1,996 

1,060,802 

4,413,368 

1876 

1,130 

1,022,543.362 

16,479,381 

2,  OS  4 

1.081,339 

4,541,623 

1877 

^^ 

~~' 

^~ 

2,430 

1,279,293 

5,373,030 

Of  the  above  amounts  Siberia  furnished  from  two-thirds  to 
three-fourths,  the  remainder  coming  from  the  districts  of  Perm  and 
Orenburg  in  European  Russia,  supplemented  by  smjdl  contributions 
from  Finland  and  the  district  of  the  Kirghese. 

Important  concessions  on  the  part  of  the  Government  have, 
•withm  the  last  few  years,  conferred  additional  advantage  upon 
private  mine  owners,  and,  under  these  new  conditions,  out  of  the 
2.430  poods  of  gold  produced  in  1877  no  less  than  2,275  came  from 
private  umlertakings,  and  only  15  poods  from  the  mines  of  the 
Crown  and  State. 

Platinum  usually  accomptmies  gold  in  the  auriferous  sands 
of  the  Ural,  and  is  not  often  met  with  otherwise  than  in 
association  with  that  metal ;  it  has,  however,  in  some  few  cases, 
been  found  without  any  accompanying  gold,  as  in  the  placers  of 
Taguilsk,  Goroblagodatsk,  and  Bisersk.  It  has  never  been  found 
in  any  coDsiderable  quantities  in  its  matrix  in  situ,  although  small 
grains  of  platinum  ai'e  said  to  have  been  occasionally  observed  in  the 
auriferous  quartz  of  tbe  Beresovsk  mines.  The  entire  pro<luction 
of  this  metal  is  obtained  from  placer  washings  belonging  to  private 
individuals,  situated  in  the  northern  portion  of  the  Government  of 
Perm,  At  Tagiiilek  and  Bisersk,  where  the  deposits  yield  platinum 
usually  unaccompanied  by  gold,  the  bed  and  edges  of  the  platiix- 
iferous   area   are   described   as   being   formed  of  serpentine  and 
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peridotito,  fragments  of  which  predominate  i 
occurring  iu  the  sand.  Among  the  materials  formin 
are  also  fragments  of  taJcose  and  chloritic  BchiRts,  togetl 
chronic  iron  oro,  and  a  conglomerate  coniposod  of  sa 
peridotitc,  and  chroraite,  united  by  a  calcareous  cement. 

From  the  orcasional  occurrence  of  graina  of  platinum 
mcnts  of  serpentine  and  peridotite,  the  alteration  of  wl 
named  rock  Ib  believed  sometimes  to  result  in  the  fon 
serpentine,  it  i»  generally  8uj»p«»sed  that  that  metal  ( 
existed  in  the  form  of  particles  disseminated  tlir«mgh  rock 
ing  to  tliis  class.  This  view  relative  to  the  oiigioal  I 
platinum  would  appi.'Ar  to  be  coTTobornted  by  the  fact  th 
diHtrict  of  Miask  and  in  otlu-r  localities  where  pi  '  h 
iu  auriferous  sands,  those  portions  of  the  depo 
serpentinous  rocks  are  always  most  productive  uf  this  m^ 
also  been  observe<l  that  the  aurift*rons  »nnd8  of  the 
contain  platinum  so  long  as  its  waters  flow  over  serpeoUj 
but  that,  below  them,  the  platinum  gradually  dimiuisbi 
anil  finally  <li8ap}K>ars.  Plutintim  is  usually  accoiupj 
chrome  iron  ore,  iriiiium,  and  iriilosmine  ;  and,  aitho: 
occurring  in  small  fragments,  is  sometimes  found  iu  tli< 
nuggeta  of  considerable  size  ;  the  largest  of  these  yet  found* 
about  22  lbs.  The  average  yield  of  platiniferous  sands  rai 
4^  to  6  dwt..  of  platinum  per  tonne,  but,  in  exceptional  ou 
been  known  to  aflord  as  much  as  1 J  oz.  per  tonne.  Platil 
first  discovered  in  the  Nijno-Taguilsk  district  in  1825, « 
that  date  to  1877  the  production  amounted!  to  148,810  Ibt 
The  production  of  platinum  in  Rus&ia  during  tJ»e  U 
ending  December  1870j  amounted  to  500,20(3  oz.  troy,  itnu 
average  annual  yield  of  59,030  oz.  The  average  quantity 
metal  now  annually  pro<luced  in  the  Ural  district  is  vetiiu 
about  r)3,000  oz. 

No  silver  or  lead  mines  appear  to  be  at  present  wcxfced 
Ural,  the  principal  supply  of  these  metals  coming  (mm  I 
A  quartz  lode  at  Ekaterinenburg,  running  8outh-ea».t  and 
west,  and  traversing  a  dyke  of  beresite  enclosed  in  talc  adtii 
clay  slates,  is  known  to  be  argentiferous.  This  vein  ogi 
near  the  surface,  brown  hsematite,  azuriie,  cenissite,  pjrooci 
crocoisite,  native  silver,  and  stephanite  ;  while  at  gnj«ter  i 
iron  pyrites,  galena,  and  grey  copper  ore  make  their  appet 
More  or  less  galena  also  fiequently  occurs  in  the  vein»  of  iM 
quartz;    but  true   deposits  of  lead  ore  occur  in  the  All 


^^istrict,  where^TOBsite,  associated  with  bTOwnn»tS,tite,  furma 
nt'sts  in  a  brownish  clay.  In  the  Slatoust  district  galena  is  found 
in   quartz  veins  traversing  Silurian  limestone.     No   returns  of 

Kulver  or  lead  from  the  Ural  Mountains  are  included  in  the  official 

Brtatistics  for  187C. 

H  The  occurrence  of  occasional  pebbles  of  cinnabar  among  the 
auriferous  sjinds  of  the  Ural,  rendei-s  it  not  improbable  that  deposits 
of  that  minuRil  may,  at  some  future  period,  be  dLscovered. 

Among  numerous  other  copper  deposits,  some  of  which  have 
been  but  imperfectly  examined,  is  the  celebrated  cupriferous  mass 
of  Micdnoruudiansk,  in  the  district  of  Nijne-Taguilsk,  where  a 
metamorphic  schist  containing  the  ore  is  enclosed  in  limestones 
belonging  to  the  Upper  Silurian  formation.  The  beds  course  N. 
20°  E.  and  dip  7°  S.E„  but  their  continuity  and  regularity  are  much 
interfered  with  by  the  occurrence  of  numerous  faults. 

In  the  lower  horizons  these  rocks  are  comparatively  little  altered, 
and  contain,  principsUly,  iron  and  copper  pyrites;  white,  in  the 
upper,  the  rock  contains  oxidized  minerals,  and  is  ti-ansformed  into 
a  clayey  ferruginous  mass.  In.  this  part  of  the  deposit,  which  is  a 
true  gossan,  are  found  cuprite,  malachite,  azurite,  magnetic  iron 
ore,  native  copper,  libethcnite,  brnchanite,  &c.  This  ore  sometimes 
contains  23  per  cent,  of  copjier.  In  lb3G  a  block  of  maiaLhitewa.s 
found  in  this  locality  weighing  330  toimes.  From  1814  to  1877 
this  depasit,  which  may  probably  have  some  relation  t(j  the  diorites 
of  the  Wisokaia  Mountain,  produced  2,.i00,t)<)0  tonnes  of  copper  ore. 
Copper  ore  deposits  are  numerous  in  the  Ural  Mountain.s,  although 
very  few  of  them  have  K'en  worked  with  the  exception  of  the 
Mieduoroudiansk  Mine,  which  annually  produces  about  1,200  tonnes 
of  ore.    All  the  other  copper  mines  in  the  Ural  appear  to  have  been 

fwmbandoned.     The  bf^dded  deposits  of  the  western  slope  cannot  be 

''Considered  as  having  any  geological  connection  with  this  range  of 
mountains,  but  as  they  l>?]ong,  administratively,  to  the  same  group 
they  may  be  here  mentioned. 

These  deposits  occur  in  the  Governments  of  Perm,  Wiatka, 
Kazan,  Ufa,  Samara,  and  Orenburg,  and  belong  to  two  difierent 
formations,  the  Permian  and  the  Triassic ;  it  is,  however,  generally 
impoiisible  to  say  precisely  to  which  of  these  two  formations  each 
particular  deposit  belongs.  The  copper  occurs  in  the  form  of  blue 
and  green  cjirbonate,  black  oxide,  cuprite,  copper  ochre,  volborthite, 
and,  very  rarely,  as  native  copj>er.  The  sulphuretted  minerals, 
copper  sulphide.*?,  iron  and  ropper  pyrites,  and  grey  copper  ore, 
constitute  but  a  small  proportion  of  the  ores  present.    In  1875  these 
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"bpddeA  deponto  of  copper  on  pvodnoed  20.000  tonnes  cf  on^  faa 
whidi  800  tonnes  of  copper  were  obtained. 

I>Iickel  occurs  at  Bewdinak  in  an  almoafc  Yertieal  qoata  loA^ 
aboat  six  fiaet  in  thickneei^  traTeising  diloritic  slate  snd  nf^. 
tine  in  a  direction  N.  SO"E.  The  ore  ia  stated  to  be  s  hjdMkl; 
rilicate  represented  by  the  finmnla  SB  KO,  +  SH^O,  ia  niii  I 
represents  principaUy  nickel ;  it  containa  18  per  cent  of 
and  12  per  cent  of  iron,  and  has  received  the  name  oi 
Cobalt  and  zinc  ores  are  almost  unknown ;  bat  serenl 
of  manganese  and  chrome  ores  are  worked  in  the  UrsL 

Magnetite  occurs  in  a  number  of  large  deposits  oo  the 
side  of  the  IJral  chain,  but  of  these  only  a  small  nnate 
worked.    The  magnetite  deposits  of  the  Blagodat  Momlsi 
of  the  WisokaSa  Mountain  are  well  known,  and  have  beea 
in  various  Russian  and  Frmch  works. 

The  Blagodat  Mountain*  consists  of  anpte-poipi^ 
into  uralite-poiphyiy;  the  summit  being  ixppoi  hj  a 
basaltic  rock.  The  magnetite  is  distributed  in  stiingi  sad 
masses,  and  is  very  compact^  but  contains  iron  pyrite^do 
apatite,  mica,  and  analcime. 

The  magnetite  which  affords  the  best  iron  in  Boaria  it 
from  the  Oulo-Outasse-Taou  Mountain,  but  only  a  small  qaii% 
raised.  In  addition  to  the  above-mentioned  deposits  of  mipdl( 
many  others  of  less  magnitude  oociir  in  the  UraL  These  Hi|f 
form  irregular  masses,  lodes,  or  bedded  lodes,  in  hombkndicri 
pyroxenic  rocks,  as  well  as  in  syenites  and  in  crystalline  idsll 
Bed  haematite  is  found  in  many  places,  but  it  occurs  prindpiDfii 
small  masses  subordinate  to  brown  haematite,  and  nieljaa 
independent  deposit. 

Brown  haematite  is  the  principal  and  most  abundant  inaai 
of  the  Ural,  and  is  extensively  worked  in  various  kafida 
Brown  haematite  deposits  occur  under  very  vaiying  oondi&4 
namely : — 

1.  In  small  irregular  masses  in  plutonic  rocka 

2.  As  beds  in  metamorphic  rocks. 

3.  In  beds  at  the  contact  of  the  metamorphic  rocks  with  SSiaM 
limestones. 

4.  In  deposits  at  the  contact  of  metamorphic  and  ]Mbi| 
rocks. 

5.  In  accumulations  in  the   lower  horizons  of  the  Siloi 
formation. 

»  H.  Muller,  Berg,  wntl  HUtUnn.  ZeU.,  1866,  pt  M. 
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In  beds  in  clayey  sandstone  of  Carboniferous  or  Devonian 

As   accumulations  in   the    form   of    nests   in    Silurian    or 
>niferous  limijstones. 
,  As  accumulations  in  allurium. 

pathic  iron  ore  is  by  no  means  plentiful,  but  sometimes 
ipanies  brown  hematite,  as  in  the  Irkouskane  Mountain, 
» annually  yields  about  1,650  tonnes  of  this  ore.  Sphaerosiderite 
occurs  in  the  Ural,  being  worked  in  Carboniferous  sandstone 

an  annual  production  of  15,500  tonnes, 
lie   Timan   chain,   situated    in    the    extreme   north,  is  very 
is  iuhabite*!,  an<l   comparatively  little  is  known  of  the  mode 
icurrence  of  its  minerals, 
Ihe  Caucasus. — The  oldest  rocks  of  this  chain  are  believed  to 

Jurassic  age,  and  the  most  important  metalliferous  deposits 
indoubtedly  those  of  copper  ore.  Among  these  the  lodes  of 
rd,  Sitsimadanc,  Kawart,  and  Artan,  with  the  irregular  mass 
adabek,  may  be  cited  as  the  most  important. 
le  usual  gangue  is  quartz,  sometimes  asswiated  with  gypsum 
more  rarely,  with  heavy  spar;  in  which  latter  case  the 
Is  seldom  rich.  The  ore  generally  consists  of  iron  and 
pyrites,  with  various  products  of  their  oxidation.  Blende 
dmcs  occurs  in  more  or  less  considerable  quantities,  as  at 
ibek,  where  a  nest  of  argentiferous  galena  has  been  discovered, 
ler  cases  the  ore  consists  of  a  mixture,  in  varying  proportions, 
;entiferous  galena  and  copper  ores,  as  in  theDambloud  deposit. 
eposits  of  lead  ore,  properly  so-called,  exist  only  in  Ossetie  to 

nrth  of  the  chain,  where  they  form  lodes  of  which  both  the 
le  and  country  rock  are  quartz,  protogine,  heavy  spar,  and 
(tone.  The  ore  consists  of  galena,  blende,  iron  and  copper 
es,  with  prixlucts  of  their  oxidation. 

deposit  of  cobalt  ore  lias  been  found  at  Dachkessan,  Govem- 

of  Elisabethpol,  which  takes  the  form  of  a  vein  of  diorite 
ignated  by  cobalt  oro  associated  with  iron  and  copper  pyrites. 
Bobalt  ore  is  almost  entirely  free  from  nickel ;  but  the  workings 
low  abandoned. 

onong  the  deposits  of  iron  ore  that  of  Dachkessan  is  one  of  the 
important,  and  consists  of  a  thick  bedded  lode  of  magnetite  ; 

at   Tchatarh  there    is  a    large    irregular   mass    of    diorite 
ated  with  iron  glance, 
ganese  is  found  in  the  valley  of  the  Kwirile  River,  forming 

of  pyrohisitc  in  Miocene  sandstone. 
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Poland, — It  h  probable  that  mines  were  worked  in  Poland 
during  the  twelfth  century,  and  from  the  commencement  of  ilitt 
fifteenth  century  to  the  end  of  the  sixteenth  more  lead  was  pro- 
duced in  Poland  than  in  any  other  country  in  Europe.  The 
calamine  deposits  were  discovered  at  the  commencement  of  Uie 
present  century,  and  a  more  liberal  mining  law.  which  waa  pro- 
mulgated in  1870,  has  exercised  a  considerable  influeace  on  the 
development  of  tiie  industries  of  the  country. 

The  deposits  of  galena  in  the  dolomites  of  the  Moschelkalk 
are  of  great  historical  interest,  as  they  have  been  worked  for  many 
centuries.  The  most  remarkable  lead  mines  are  those  near  Olkusz 
and  Boleslaw.  The  production  of  lead  from  the  latter  mines 
was  very  large  during  the  sixteenth  and  seventeenth  centuries, 
but  fell  ofif  considerably  towards  the  end  of  the  eighteenth.  At 
the  commencement  of  the  present  century  calamine  deposits 
were  discovered,  and  the  galena  is  now  woiked  subordinalely 
to  the  zinc  ores.  In  1876  only  3,895  tonnes  of  lead  ore  were 
obtained. 

Deposits  ot  load  and  copper  have  been  long  known  near 
Checiny  and  Kielc^.  The  lead  ores  occur  in  lodes  in  Devoniaa 
quartzites,  and  have  been  worked  from  the  fifteenth  century.  Tbe 
copper  ores,  which  consist  principally  of  malachite  and  azurilc, 
have  been  worked  near  Kielc^,  at  Miedziana-Gora,  and  nt 
Karczovska.  The  working  of  these  deposits  dates  from  ttfl 
fifteenth  century.  During  the  ten  years  terminating  in  1826, 
3,360  tonnes  of  copper  ore  were  obtained;  but  the  productioai 
has  since  entirely  ceased. 

The  ores  of  zinc  found  in  Poland  are  carbonate  of  zinc, 
silicate  of  zinc,  zinciferous  dolomite  stained  red  by  oxide  of  iron, 
and  zinciferous  limestone.  The  majority  of  these  are  found  in  the 
dolomite  of  the  Muschelkalk  formation.  These  ores  always  occur 
as  irregular  deposits,  or  nests,  varying  in  thickness  from  a  fe 
inches  to  twelve  feet,  as  is  also  the  case  in  the  Scharley  Mine' 
in  Silesia.  The  same  deposits  extend  into  Poland  and  am 
worked  at  tlie  Barbe  Mine.  Near  Bole-slaw  the  bed  is  fifty  feet  in 
thickness ;  but  the  jx^rcentage  of  zinc  in  the  ores  is  very  variable  i 
the  different  mines.  In  1876  six  mines  produced  59,878  tounes 
zinc  ore,  and  during  the  same  year  three  zinc  works  yielded  4,5i 
tonnes  of  zinc. 

Numerous  deposits  of  iron  ore  occur  in  the  south  of  Poland, 
and  iron  ore  mines  are  worked  near  the  small  town  of  Dideszyc^^ 
where  deposit*  tvni  haamatite  containing  40  per  cent,  of  iroBJ 
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ftre  enclosed  in  rocks  of  Devonian  age.  The  Carboniferous  forma- 
tion of  Poland  contains  numerous  beds  of  spUserosiderite,  of  which 
the  thickness  is  very  variable ;  but  this  mineral  is  often  found  in 
large  masses  and  is  very  extensively  worked.  Brown  haematite, 
containing  from  25  to  33  per  cent,  of  iron,  also  occurs  in  the 
Muschelkalk  and  is  worked  at  Bendzin,  Czeladz,  Sievierz,  and 
Siawkow.  The  iron  ores  which  occur  in  the  Keuper  are,  however, 
much  more  important,  and  consist  of  browa  hsematite  and  sphaero- 
siderite.  The  brown  Laematite  contains  fiom  35  to  45  per  cent, 
of  iron,  and  the  aphaerosiderite  only  from  27  to  35  per  cent. ;  but 
the  latter  constitutes  the  larger  portion  of  the  iron  ore  raised  in 
Poland. 

In  1876  iron  ore  was  raised  from  79  mines  in  Poland,  the  total 
production  of  the  country  being  107,600  tonnes;  this  yielded 
31,168  tonnes  of  cast  iron. 

TuE  Altai. — The  number  of  ore  deposits  which  have  been 
discovered  in  the  Altai  is  very  large,  amounting  in  the  aggregate 
to  several  thousands.  The  larger  number  of  them  occur  in  the 
"western  extension  of  the  chain,  in  the  neighbourhoods  of  Schlangen- 
berg,  Riddersk,  Nikolajewsk,  and  Siraiiowsk.  Several  mines  are, 
however,  worked  near  the  town  of  Salair,  north  of  the  main  chain, 
while  on  the  other  hand  the  eastern  portion  is  but  little  known, 
and  no  ore  deposits  are  believed  to  be  worked  in  this  region.  All 
the  diflferent  veins  exhibit  similar  characteristics,  being  almost 
without  exception  lodes  traversing  sedimentary  rocks  belonging  to 
the  Silurian,  Devonian,  and  Carboniferous  periods.  Lodes  do  not 
often  occur  in  the  crystalline  slates,  and  still  more  rarely  in 
granite.  Granites,  porphyries,  and  greenstones  constantly  occur 
in  the  vicinity  of  the  lodes,  and  several  mines  are  worked  in 
porphyry.  The  filling  of  the  lodes  chiefly  consists  of  heavy 
spar,  quartz,  and  various  sulphuretted  ores ;  the  latt-er  are,  how- 
ever, usually  much  altered  near  the  outcrop,  and  crystallized 
minerals  are  rare.* 

At  the  Tschudack  Mine,  in  the  Altai,  a  copper  lode  from 
eighteen  to  twenty-four  feet  in  width  is  worked  in  quartz- 
porphyry  ;  the  veinstone  is  quartz,  enclosing  copper  ores  in  strings 
and  leaders.  In  the  centre  of  this  lode  there  is  said  to  be  a  leader 
of  ore  six  feet  in  width  containing  but  little  quartz.  At  a  cei-tain 
depth  the  ores  consist  of  copper  ami  iron  pyrites  and  copper 
ince ;  near  the  .surface  various  proilucts  uf  oxidation  prevail.* 

'  B.  v.  Cotta,  "Der  A]Ui, "  LeipiiR,  1871,  p.  246. 
'  Ibid.  Berg,  unci  Emcwm.  ZeU.,  1870,  p.  29. 
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Aariferoos  Mads,  frequeutly  containing  platimmi,  are 
gtfiAj  worked  in  the  AltoL  In  the  mining  districi  at  Nc 
in  •Mtcm  Siberia,  in  the  proximit?  of  ijreiiite  and  granite.  < 
line  limectonM  alternate  with  ■aadstaoeB,  and  are  tnvamdl 
irregubr  veins  which,  oocMionallj,  widen  oat  to  imgolar  i 
e«pc:ially  naar  the  oantact  of  HiaBJmilar  rocks.  These  deponta  I 
filled  with  quartz,  calc  si>ar.  and  brown  ironaiiHie,  in  which 
fahlen,  molybdc-niu>,  iron  pyritoit,  copper  pyrites,  and  blende 


The  gold  production  <>t  Si*' ria  in  1»81       <     ^•>14  poods.^ 
thirty-four  milliooa  of  roul>l>  .^. 

In  Ruwiiau  Turkestan,  di'p.sit^  are  known  of  gold,  silver,  Iflii 
copper,  iron,  manganese,  and  ;ii  -.  ni'- ;  but  in  spite  of  thear  tiqi 
number  a  few  only  are  workoJ  <_<<i|ri  placers  are  wrought  ttpcna 
small  (tcale,  but  the  deposits  of  otber  metals  for  the  most  fst 
lemnin  unworked. 

Tiie  production  of  tin  in  Rusaia  in  1879  amounted  to  only  t*a 
tons.  Zinc  gave  an  anniml  avenige  of  4,337  ions,  f\  ve  years  pntim 
to  1879,  but  in  thRt  year  fell  to  4,236  tons.  Copper  decreased  I 
3,496  tonn,  tlie  yearly  average  of  the  same  quinquennial 
3,064  tons  in  1879.  Laid  increajsod  from  1,010  tou«,  average,J 
1,331  tons  in  1879.  No  nickol  was  extracted  in  1879.  lo 
same  year  15  totia  unly  of  cob»lt  ores  were  raised. 

Tilt.!  prt'ciouK  metals  showed  a  marked  increase  during  the] 
1874  to  1878.  In  weHtcm  Siberia  the  production  of  gold 
slightly,  luid  in  the  Urul  considerably.  At  the  enil  of  1879 
Jiumbor  of  goI<l  mines  btdonging  to  private  individuals  wm 
eastern  Siberia  1,522,  in  western  Siberia  291,  and  in  the  Unl 
1,23:{,  milking  a  UiUil  of  3,046.  The  production  of  gold  in  tlit 
Russian  Empire  was  32  toes  in  1874,  41  tons  in  1878,  and  4^  toia 
in  1870.  The  jtrodiiction  of  silver  in  1879  was  11  tons,  sol  i^ 
pliitiiiuiii  2  tono  5  cwta.' 

Finland. — The  cop[H>r  and  tin  ore  deposit  of  Pitkiimnta* 
worked  on  the  north  shore  of  Lake  Ladoga,  where  the  rocks  ••imiii« 
priiif'i|Mdly,  of  rod  coarsely  granulai'  granite  and  crystalline 
Veins  of  granite  frequontly  occur  in  which  re<l  orth" 
predoniiiiiitos  to  such  an  extent  as  to  be  worked  for  th.  .....„,.; 

of  porcelain.     Metalliferous  deposits  are  also  numerous ;  the  <tf 
occurring  as  impregnations  of  copper  and  iron  pjrritea,  galena,  tai 


^ 


'   Pisi'hkp,  Kmrti  Jahrh.  f.  Min.  ;  197fl,  p.  8S»S, 

•  JroM,  Juiiuury  27,  IHS'i,  p,  fl"  i  fmui  ligur«-»  supplied  by  DiRictw  Skalkwtl;.    ■  | 

•  O.  V.  S<honlU-AiM')i<>nMl«ii,  fifrri   MJtW //w/Crnw.  XfU.,  1878,  p.  I*"  ■ 
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magnetic  pyrites,  the  gangue  being  usually  quartzose.  The  only 
deposit  which  has  been  advantageously  worked  is  a  bed  of  sahlite 
impregnated  with  copper  pyrites  anil  tinstone.  Upon  this,  which 
occurs  in  the  granite,  mining  has  been  carried  on  for  above  forty 
years.  This  bed,  which  for  a  length  of  nearly  one  mile  and  a 
half  has  been  opened  upon  by  six  shafts,   has  a  very  constant 


Fro.  T4.— Clio  MtiM,  TltkanoU  ;  naetlon 

thickness  of  about  fifteen  feet,  strikes  from  east  to  west,  and  dips 
from  40°  to  50°  S. 

The  most  easterly  point  worked  is  opened  by  the  No.  1  Glee 
Mine,  where  the  entire  mass  of  the  deposit  is  divided  by  parallel 
fissures  into  five  beds  sharply  divided  from  one  another ;  the  ore 
varies  much  in  richness,  and  the  country  rock  does  not  contain  any 


Kii..  ;&.— ODillianon'  Mine,  Pitkoraota ;  aection 


tinstone.  Fig.  74  represents  a  transverse  section  across  the  deposit, 
in  which  the  band  marked  a  is  the  richest,  and  contains  copper 
ores  only;  b  and  c  contain  no  ore,  d  contains  copper  and  iron 
pyrites,  while  e  is  unproductive. 

A  little  more  than  half  a  mile  west  of  this  point  the  rock 
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acquires  in  the  Na  4  Omilianoff  Ifine  a  mnGh  darker  otdovr,  and 
encloses  a  bed  of  dark  granular  granite  three  fiBetin  tludcneaib  Hiaos 
the  ore  occurs  differently,  £n;  whenas  in  the  No.  1  CUe  Mine 
the  copper  pjrrites  is  finely  divided,  here  H  ooeim  in  cMnpeii 
segr^pations  up  to  the  aixe  of  the  fiit^  and  ia  often  aanorittnil  «ith 
other  minerab,  such  as  malaoolite,  homUende,  quarts  eale  spsr, 
garnet,  mica,  felspar,  fluor  spar,  talc,  inm  pjtites,  magnetite^ 
blende,  and  tin  ore.  Iron  pyrites  occnra  in  oyBtal^  which 
sometimes  attain  a  weight  <^  5  11ml  Neither  gakna  nor  magnetie 
pyrites  appears  to  be  present. 

Fig.  75  represents  a  transverse  section  of  Mine  Nol  3,  which 
is  worked  for  tin  ore  only.  In  this  section  a  is  sahUte  with  a  fittb 
copper  pyrites,  b  granite  without  ate,  e  sahUte  with  tin  tm,  d  aUili 
with  a  little  tin  ore,  e  granite  with  tin  ore ;  e  and  «  are  ttw  rieheit 
in  tin,  and  in  d  tin  ore  can  just  be  detected,  but  ia  entirdy  at— I 
in  the  others. 

In  1880  PitkSranta  produced  25,51S  oentnen  or  1065  louts 
of  copper  ore,  and  488  centners  ^  or  20'5  traines  of  tin  <He. 

The  production  of  Finland  in  1880  was  as  follows : — ' 

Iron  ore  .  .  4,120  centners  or  175*2  tonnes 
Copper  ore  .  31,756  „  „  1,3505  . 
Tin  ore  .  .  .  482  ,.  „  20'5  „ 
Zinc  ore  .  .  5,276  „  „  224-4  „ 
Lake  ores  .  880,090  „  37.430'2  „ 
From  240,663  cubic  feet  of  auriferous  sand  17,609  grammes  of 
gold  (566  oz.)  were  obtained. 

£.  H.  Furahjelm,  director  of  the  0£Bce  of  Mines,  Finland,  in  a 
letter  to  the  editor  of  Iron  *  says  that  the  total  amount  of  the  gfiA 
washed  from  auriferous  sands  in  North  Finland,  in  the  year  1881, 
was  20,600  grammes,  which,  at  3*20  francs  per  gramme,  gives  a 
total  value  of  65,920  francs,  or  £2,637 

General   Summary    of    the   Approximate   Prodvctioh    or    Mxtjlu   axd 

METALUTEROUS  MiXERALS  IV  THE  RCBSIAN  EMPIRE  DUKIMO  TBI  YKAB  1880.* 

Poods.  Tom. 


Iron  ore  raised 62,493,424 

Gold  produced 2,642 

Flatinam 180 

Silver 616 

Lead 6»,»47 

Copper 195,518 

Zinc 267,800 

Snlphnr 5,600 

Chrome  iron  ore S0S,50S 


1,008,147-0 
4S-4 
S-9 
9-« 
1.112-0 
S.1S8-0 
4-S98-0 
87-0 
8,081-0 


>  1  centner  =  49-"  ^hhI  BaUmm.  ZtU.,  IWi,  p.  247. 

3  Febnuur  vAy,  vaL  zzxv.  1881,  p.  w. 
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ASIA  AND   OCEANIA. 
THE  INDIAN  EMPIRE. 

Although  tlie  useful  metals  or  their  ores  are,  iu  Britisli  India, 
scattered  over  vast  areas,  they  are,  -with  but  few  cxceptious,  so 
sparingly  disseminated  as  to  be  but  seldom  capable  of  being  worked 
■with  advantage.  Gold  occius  in  the  sands  of  a  large  number  of  its 
Blreams  and  rivers,  but  usually  in  such  minute  quantities  as  to 
afford  a  pittance  of  only  a  few  pence  daily  to  a  Uniited  number  of 
indigent  washers.  In  addition  to  gold  thus  obtained  torn  tlie  sands 
and  gravels  of  rivers,  abundant  evidence  exists  of  that  metal  having 
been  anciently  mined  from  auriferous  veins  by  means  of  shafts, 
galleries,  and  other  excavations.  There  would  appear,  however, 
to  be  no  record  of  the  periods  at  which  these  works  were 
executed,  and  we  are  consequently  without  any  information  as  to 
the  conditions  under  whidi  they  were  conducted,  or  with  regard  to 
the  relative  values  of  gold  and  labour  at  the  time  they  were  in 
operation.  In  the  majority  of  cases,  therefore,  the  existence  of 
ancient  workings  affords  but  little  evidence  of  the  value,  according 
to  modem  standards,  of  metalliferous  deposits,  since  they  may  have 
been  made  by  forced  labour,  and  at  a  time  when  the  metals  were 
relatively  much  more  valuable  than  they  are  at  prest-nt.  The  lead 
ores  of  India,  always  containing  a  certain  proportion  of  silver, 
occur  disseminated  in  beds,  pockets,  or  segregations,  but  they  are 
seldom  found  in  true  veins.  Many  of  these  dejiosits  were  formerly 
worked  on  a  very  small  scale  by  the  natives,  but  none  of  those 
which  are  at  present  known  would  seem  to  offer  sufficient  induce- 
ment for  the  introduction  of  capital,  or  for  the  application  of 
improved  modem  processes. 

Ores  of  copper  are  of  even  more  frequent  occuiTence  than  those 
of  lead,  but  like  those  of  that  metal  ai-e  seldom  found  in  regular 
lodes,  but  occur,  on  the  contrary,  in  beds  and  segregations,  as  well 
as  in  the  joints  of  various  rocks.  These  ores  were  formerly  worked 
by  native  smelters,  who  obtained  from  them  copper  of  good  quaHty 
but  at  a  cost  far  exceeding  that  at  which  it  can  now  be  imported. 

Iron  ores  arc  abundant,  and  malleable  iron  has,  from  time 
immemorial,  been  produced  from  them  in  charcoal  forges  blown 
I     with   a  hand   blast.     In   this   way  both  iron  and  natural  steel 


«;itln;r  ifj  j^ri'.J:  «^r 'jUiri'.v  '.•.>:•.  p^>  wr.i  zuw  luunidu-niL--;  ;>.;.* 

Niji/i<ri'jiji-  iiTVijjptt!  i.a\<:  W'ri.  lua'.!^'.  ■.j.:v.t::ii— .  iii.i:.-n  ^r-.i-.i^se* 
«yf  jf'vii  aij'J  i;V-':]  ijiakiij^'  ii-'iv  B.-z'Si^?.  j.uiuu  w.  -.:i'.  --si.".?  iat- 
»iih'>ijt  «:>.<.■!  pi j'^rj  bw-Tj  uusa.:i>!iu'.-L.,.i?7  7'*..:*  r-'.t-.as.r:'..  -ctz.: 
ijf  sij';^>-isfc  is  probably  jjj  jjan  j»:-'-.".ur^*.t.c  -. .  •'■ar.-.-^i  .'.r-.-.z.- 
tiUxu'JiH  of  a  kind  oiT'-ii  uijiai'.>urfcb.v  t.5 ■:•'.■  .iisi'  -iV-'-ir^ci*.^  :*'  '^ 
'J<:v:rJ|/.ioij,  bwT  Ji  j^f  iuip  u^aiLjy  d-j*  *••.  ■..1j»  'r^r.-.zufrjijii-'i  'ii;  'ie 
Jar;(«-Kl  an'i  fi'lji->-t  <l<-ji'»'its  of  ir-.>ij  vr*  is-.  ^~\.i.vr'.  t"  v. :.?: iTn&is 
•lintan'.iri;  fioiii  a  fiijjjjd'riit  hypply  '.-f  pv :*.*'.•=*  f.  •:_ 

<i*>l.U.  'l'\i':  ori^iiua]  'j«.-rivatj'.>jj  '.J  '.Lt  T.r:j:i-.-:i&l  zcs-l-.z.  ::  the 
;(ol'l  of  I'«-jjiiit;ijlar  iti'Jia  in  douwl'fsf  fryjij  :i.'T  ■.•-SkTa  Tiiis  :nT»is> 
iii;(  varioHis  iij"lariiorj»lji«'  and  ifij}>-ijjf?*jtiii'.»r].ii:  .".•.£.?-  TL-ir^  is  also 
r<raiioii  to  U-Iii:v«r  that  in  M/tjj'r  jjartf  '."f  'i.*  ■t-.-vr.'ry  j;:!:  coctsr^ 
iri(|i-|i<rii<i<rriiJy  of  quart/  vfjins,  iu  wrusiii  '.r-./r:':::-  s»'.LLit«  and 
•jiittrtziUf^    an    w«;ll    an,   jK^'jwbly,    iu    <..ii<,-    vr   I'-vrr    T4r:T*.:«  of 

Afrorilitiff  to  l*rofi.-.>»«jr  Hall,  lat'r  of  \h':  O*.- . .  ■-■^:^■.aI  .Sarv^j- ..if 
lii'lia  :  -  "  'J'lii;  {«M;Hi.'ii'-<;  of  };oId  «-ith«:r  a*  au  or:;.':ii5»:  'iepc/dl,  oru* 
«l(M.rital  \)fn\m:i  from  tlir-  ol(l«:r  r'x.-kK  }ia»  not  a?  yet  b^-n  f)rored 
ill  any  ni<iiib<r  <^f  tlii-  ^/n-at,  Vin'jhyan  fornia'ion  iJ'i".  :□  the  Dext 
,-.ii<-i:<i-i|iii;>  foriiiafi'iji  '-■r'.«:ral  of  lin:  v'"'!!'"?  inrl:  ;•:  i  in  the 
( inii'l'.'. :in:i  •>.  l.i  in  :iri-  li.-lji-vi;']  t.o 'ron'-'iin  ';'-ti'iTai  i:  •':'':  :  ','1  tli'.-v-th* 
irviiji-ii'i-  ■'  <'ins  ci'Dit'.'A  in  ilni  rra:-!;  of  tb';  Tal'-bir.  It  is  almost 
rcriain,  Ii')\mvi:i,  l.bai  ibfj  jrol'l  obtain<''l  in  tb<.-  0'>'lavari  an'l  in  ib 
liibiil.ny  ni-ar  (io'lalori;  rjr  .MunL'ajK-t,  is  <lt.-riv«.-il  from  rocks  of 
Kiinitlii  fi;.o-,  an<i  t.li<;  ;r„l,|  of  tin- Onli  Kiw.-r  in  Talobir  in  Ori?sa 
Im  ili-rivi-il  from  Han'l.-itonrs,  but  wIhjiIht  from  those  of  the  Barakar 
or  Kunitlii  j/ioiips  is  notn-rtainly  known,  as  l»oth  <x-cur  in  tlie  same 
livi-i  Mi-ction.  It,  is  nf  n>iir)*i;  natural  that  the  s«.-<liin»-ntary  rficb 
whifli  first  till<!(l  lh<;  jir>;viousiy  irxistin<i[  hollows  an<l  basins  shciuld 
coiilain  K"''l  n«  w<-ll  its  the  oth«T  inatfiials  <h;rivt'<l  from  the 
ih-;.M'u(lation  of  tho  oMor  nict^^'iniorphic  rofks,  but  fjohl  is  a!*) 
|iiobably  |tri-si-nt,  thoii;r|i  its  ••xistcncc  has  not  y(.'t  b«.-on  proved,  in 
Honn-  <if  till-  still  yoiint^cr  j^rouiis. 

"  In  Ho  far  as  I'lrninsnlar  IiMlia  is  ron(;f'nic(l,  the  only  other 
soinrcH  of  j..i|(l  iiic  tlKin-cctit  ami  sub-n-ccnt  alluvial  deposits  which 
mst  on  llii- ini-taiiKirphic  aii(l  siib-nii'tanior))hic  rorks.  Passing  to 
tin-  i-klni-|icninsiilar  rcKinris  \vc  nici-t  with  evidences  of  the  exis- 
l.<-nic  of  ;,'oli|    in  n«ks  •  ral    iliff*-  'ods.       In  Ladak 

riTtain  i|innt/.  rt'cfs  wl  m>.   r  Carboniferoof 
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riod  are  almost  certain  to  be  gold-bearing,  as  particular  streams 
ich  rise  witLiu  their  limits  coutiiin  auriferous  sands.  In 
idaltar  gold  occurs,  as  also  do  some  ores  of  other  metals  in  rocks 
Cretaceous  age.     Here  the  deposit  ia  an  original  one,  and  la 

lected  with  the  intrusion  of  trap. 

•'  Lastly,  all  along  the  foot  of  the  Himalayas  from  west  to  east, 

Vxn  Afglianistau   to   the   frontiers   of    Assam  and   Burma,   the 

tiary  rocks  which  Hank  the  bases  of  the  hills,  and  which  occur 

in  the  Salt  range  and  in  Assam,  south  of  the  Brahmaputra, 

more  or  less  auriferous.     But  this  gold  is  all  detfital,  and  was 

I  doubt,  in  the  first  instance,  derived  from  the  crystalline  meta- 
phic  rocks  of  the  higher  ranges  which  are  otherwise  known  to 

itain  gold."  * 

The  gold-fields  of  Madras  have  recently  attracted  so  much 

sntion  and  have  absorbed  so  large  an  amount  of  British  capital. 

It  a  description  of  the   auriferous  deposits  of  that  portion  of 

itish  India  may  be  desirable. 

The  excitement  caused  by  recent  reports  relative  to  the  riches 

the  Wynaad  has  also  directed  attention  to  various   adjoining 

in  southern  India  where  crystalline  rocks  prevail.     Among 

the  Travancore  State  has  been  to  some  extent  prospected,  but 

fdoes  not  appear  in  any  of  the  early  accounts  as  a  gold-producing 

ion,  and  the  trade  of  gold  washing  seems  to  be  unknown  there. 

r.  King,  who  recently  reported  on  this  subject  to  the  Travancore 

>vemment,  states  that  the  so-called  quartz  reefs  are  not  really 

but  merely  the  outcrops  of  beds  of  quartzite,  associated  with 

which  run  with  the  foliations  of  the  gneiss.     Although 

innte  traces  of  gold  may  sometimes  be  detected  in  these  rocks  by 

ay,  the  amount  present  is  fiir  too  small  to  render  them  of  any 

iDiercial  value  as  a  source  of  that  metal. 

The  Wynaad  forms  a  terrace  of  luoimtain  land  lying  between 

low  country  of  Malabar  and  the  lofty  plateau  of  the  Nilgiri 

>untain8,  and  is  separated  into  three  portions,  known  respectively 

North,  South,  and   South-East  Wynaad.      The  south-eastern 

ivision  of  the  NVyuaad,  in  vvLich  are  situated  the  principal  veins 

auriferous  quartz,  is  now  included  iu  the  Nilgiri  district;  but 

reference  to  the  earlier  notices  of  the  occurrence  of  gold,  it 

II  be  more  convenient  to  follow    Mr.  Ball,  and  to  treat  it  as 
longing   to    the    Malabar  district,    in   which   it   was  formerly 

I'  V    BbII,  "  A  Miiimiil  r>f  tbf  G«)1or3'  of  Imliii,*'  Part  III.  "  Economic  Geolog>-," 
''«lcutta,  l>»s].     This  c*refull  y  jFrrfi^iTfl  vohitim,  to  which  I  am  iudehted  for 
ont  of  information,  should  be  cunKulted  by  every  one  gpeciaUy  iotereatud 
%)  re«ourc«B  of  Britiib  India. 
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included.    In  a  report  of  a  joint 

Bombay  upon  ihe  ocMiditionof  the  MahihT  fvonnoe  in  llie 
1792-93,  aUumon  is  made  to  ilw  fiMSt  Aat  the  Bi^  of  NibiriMt 
claimed  a  royalty  on  all  gold  foamd  in  Mb  temlOKj,  and  in  tte 
latter  year  some  steps  were  taken  liy  the  Ifaen  Ctownor  of  Bimlwy 
to  ascertain  the  value  and  extent  of  the  gold  mines  of  tina  mgiw. 
The  next  mention  of  the  oocmxenoe  ci  gold  in  the  distriet  ii 
made  by  Dr.  Buchanan  ^  in  1807 ;  he  aUodes  to  the  gold  Mnai 
of  Malabar  and  states  that  a  Nair  who  had  the  ezdnme  njg^  rf 
mining  paid  a  small  annual  tribute  for  tiie  prinlegB^     In  the  jmi 
1827  Mr.  S.  Toung  stated  that  fine  qwdmens  oi  gold  had  beai 
fotmd  to  Uie  vest  of  the  Nilgiri  Mountains  in  the  beda  of 
streams,  and  in  1830.  Mr.  F.  H.  Barber,*  who 
before  the  Lords  Committee  on  East  Indian  attain, 
that  gold  was  obtained  not  only  in  CSoimfaatoie  hot  throaghoot  As 
tract  of  countiy  lying  west  and  south  of  tiie  Nilgiri  and  Kndi 
Mountains.     He  had  often  witnessed  the  pcooess  4^  gaid  wiiisg, 
and  estimated  the  area  over  which  the  scnl  was  impngnated  ■wA 
gold  at    2,000    square   miles.     In   the   year  1831  licwtniit 
Nicolson  was  ai^pointed  to  pospect  for  gdd-fielda,  and  alv  Is 
purchase  on  behalf  of  Qovmnment.     Hisr^ort  as  to  theexfaatof 
the  mines  and  the  possibility  of  their  being  w<aked  adrantsgcowiy 
by  British  capital,  was  on  the  whole  sanguine,  and  he  aoggertcd 
that  stamping  mills  for  the  treatment  of  gold  quarti  ahoold  be 
erected  at  Coopal.    After  the  receipt  of  the  report  of  a  ctmimittee, 
in  1833,  condemning  mining  in  the  low  country  of  MalaliT  si 
a  European  industir,  the  Qovemor  in  Council  came  to  the  oon- 
clusion  that  it  would  be  inexpedient  to  work  these  Teina    Ii 
1857  and  1858  attention  was  again  directed  to  these  gold  minei 
by  the  Collector  of  Malabar,  who  described  them  as  extendiiig 
for  a  distance  of  from  thirty  to  forty  miles  along  the  western  fooe  of 
the  ghats,  and  in  some  places  even  reaching  to  their  sununita.    At 
this  time  the  taxes  payable  by  the  rajahs  for  the  right  to  mine  had 
fallen  into  arrears,  and  many  of  the  older  mineis  and  their  de- 
scendants would  appear  to  have  migrated  to  the  c(^ee  plantations 
of  the  Western  Wynaad.    Among  those  who  in  1865  were  attracted 
to  the  Wynaad  were  two  Australian  miners,  Mr.  H.  L.  Sterne  and 
ilLr.  G.  E.  Withers,  while  shortly  afterwards  the  erection  of  qnaiti 
crushing  machinery  on  the  Skull  Beef  was  due  to  the  enterprise  of 

'  "  A  Joarney  from  Madras  through  the  countriM  of  Mjawe,  Caoan  and  Mahtr." 
London,  1807,  toI.  i.  p.  441. 

*  Journal  Med.  and  Pky*.  S^  -^  '•Mtta,  voL  ir.  p.  48;  «ndcMa  oidend  to 
be  printed,  April  2nd,  1830. 
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Mr.  J.  W.  Minchin.  The  results  yielded  by  this  and  other  appli- 
ances erecteti  elsewhere  for  the  same  purposCj  were  not  satisfactory, 
and  iu  1875  Mr.  W.  King,  Deputy  Superintendent  of  the  Geological 
Survey  of  India,  visited  the  district,  and  his  report  with  a  map  of 
the  Wynaa<l  was  subsequently  published. 

The  gold-bearing  area  consists  of  granite,  gneiss,  and  various 
metnnioriihic  rocks,  traversed  by  veins  of  quartz,  which  with  their 
branches  are  auriferous.  He  describes  the  gold  as  occurring 
originally  in  large  reefs  or  veins  of  quartz,  as  well  as  in  spurs 
branching  from  thera,  and  sometimes  in  the  country  mck  itself.  In 
certain  leaders,  as  well  as  in  the  casings  of  the  veins,  g(jld  is  some- 
times visible  either  in  quartz,  in  crystals  of  iron  pyrites,  or  iu 
pseudomorphs  composed  of  limonite  resulting  from  the  alteration 
of  that  mineral.  The  gold  of  the  reef  is  usually  very  tine,  and 
occasionally  occurs  associated  with  pyrolusite.  The  prevailing 
direction  of  the  quartz  reefs  is  from  soutli-south-east  to  north-nortb- 
■west,  but  owing  to  the  irregularity  and  occasional  flatness  of  their 
underlie,  there  is  sometimes  considerable  difficulty  in  tracing 
them.  Their  outcrops  are  without  exception  white,  and  generally 
speaking  it  is  impos-sibk^  to  say  by  mere  inspection  whether  they 
are  auriferous  or  otherwise.  The  Monarch  Beef  is  said  to  be  trace- 
able for  a  distance  of  about  nine  miles. 

The  report  of  Mr.  R.  Brough  Smyth  on  the  Wynaad  gold 
fields  contains  the  results  of  his  e-xplorations  during  the  years  1879 
and  1880.  In  the  district  to  which  bis  attention  was  principally 
directed,  and  which  covers  an  area  of  500  square  nales,  he  records 
having  counted  nearly  200  outcrops  of  quartz  rock.  These  do  not, 
however,  necessarily  represent  so  many  distinct  veins  or  reefs,  and 
it  is  not  improbable  that  a  certfiin  proportion  of  them  may  be 
mere  veinstone  boulders,  which,  having  become  detached, have  rolled 
down  the  sides  of  declivities  until  arrested  by  some  accidental 
•obstruction. 

The  reefs  are  represented  as  being  generally  wiiler  and  pro- 
portionately richer  than  those  in  almost  any  part  of  Australia,  but 
there  are  no  deep  accumulations  of  auriferous  drift  such  as 
characterise  the  gold  regions  of  that  country  and  of  California. 
Numerous  ancient  workings  indicating  very  different  degrees  of 
mining  skill  are  met  with;  these  comprise  o|)en  cuttings  on  the  out- 
crops, vertical  and  inclined  shafts  on  the  reefs,  with  occasionally 
levels,  aiid  .shafts  and  galleries  combined.  Some  of  the  vertical 
shafts,  which  are  perfectly  perpendicular,  have  been  sunk  in  solid 
quartz  to   a  depth    of  seventy  feet.      The   rock   obtained    from 
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the^  various  workings  appears  to  have  been  ground  by  hand 
mullers.  walked  in  a  wooden  dish,  and,  perhaps,  subsequently 
a:nal^3iatc<i.  Thtr  country  is  so  covered  by  these  ancient  tailings 
tL:i:  )Ir.  Bnjugh  Smyth  compares  its  condition  to  that  of  ao 
:ibuii-.:-:>iioi  Australian  washing.  The  quartz  from  the  veins  in 
this  r^^ivn  '.^.-caiii-.-nally  ontains  cavities  enclosing  minute  crystals 
ot  native  $'aI|>Lur. 

Many  •.■t'the  samples  of  gold  quartz  forwarded  from  the  Wynaad 
t>:>  L.-n-i-.  n  f.''r  asi^iy  yielded  satisfactory  results,  but  it  must  not 
W  :-.-TZ-:-v.r:a  that,  in  such  cases,  the  amount  of  gold  found  will  be 
ianuvr.«.>ri  rather  by  the  selection  of  the  specimens  than  by  the 
«.'arv  :^ikeD,  by  the  assayer.  For  the  present  it  is  not  the  intention 
o:  0:ver:i:iien:  to  levy  any  royalty  or  other  tax  upon  this  industir, 
as  i:  is  t:.':'V.zht  desirable  to  attract  labour  and  capital  to  the 
;;..•".  i-ael. is.  Not-srithsianding  this  advantage,  however,  it  is  not 
i::.i':o'\»ble  :Lat  the  experience  of  the  pioneers  in  this  industry 
iii:iy  r-r  a»;suiri-i  at  a  considerable  oi-st.  In  his  special  report  to 
t:.e  G:v--r-j.:iieu*  Mr.  Brou^h  Smyth  has  fully  discussed  the  dr- 
i-v;:us:;r-:-rs  wLicii  Le  o.-nsiders  led  to  the  failure  of  the  Alpha 
C-  :i:j.>ti:iy.  ::.v  Erst  to  es:Abiish  itself  in  the  Wynaad.  He  legwis 
t>.:I:  '.Lv  niJcLinery  and  management  as  having  been  unsuitable 
:  :'..t  r-:r::rrr.-.-.r.:s  ■.:  an  eo»jnoni:cal  system  of  working.  .As, 
1.  vw  .v.r.  -i  "...r^v  .in-.-ir.:  «.:  I'lan:  ani  machinery  has  now  bten 
S-. :.-  •.;:..»:.•.:'--/  :i:a::.iCvr:.«-G:  is,  in  s^.n-e  cases  at  least,  in  the 
:..»:..•.*  ::  -  xr-:r: •.!.>. -i  iVl-i  n:.iL.er5,  it  !r:r»y  t-i;-  hop-e-i  that,  in  SL-me 
c;-.>-.<    :"..-    .   ::.::::.-«    n-;-cvss.^iry  for   sufcstantiai   sticcess  may  \k 

T:.-,  Wvr..».\ : '•  C--^-  rt-ii;'.i  cmsis'.sot  a  n-ore  or  less  undula'dng 
■:..iV.-.-l.iu ".  .»"■-; r.i^".:"..:  ar»:"JL':  S. '.'•.'•.•  tee:  at>;'ve  sea  level,  and  Iviiig 
a:  :"..;  -.Astf:".:  :'.•.:  ■:!  :":ie  Nil^rl  Muntains.  wLich.  liein-r  tie 
";."._.  -  >:  :v.  •".:.:.\".i.  r.".:icr  •.■:  S-.-u'.-rrr:-  iL-iia.  rise  to  a  Lei^Lt  of  s-:'iiie 
^  .  ':■:'  -i.v  V-,  *..!  »-..i.  i;".v  o.ir.ii.e  vinr.;;  tr^e  neater  p>mva 
1. ;  '..:  vv.iT  IS  ^'.i"— It r.'.^c  ai..i  e";".i»L.v.  lu*..  .'ini.^  '.iir:  Li.vnsc>j!i, 
•.".-.t   r..::.:..".l  .iV-rA^^s  s.Lir •*!:-: rv   Ivf^-.rti    lo  •    ani    i>:<J    inches. 


i:.-.  ■•.v.'ry  r...-.<  ::i."i:i:.v  cvr.s:its  •. :  a  r.omc>.T:. i:-:  iTneiss 
<.■■.:■.%»:■.■."■..;  a  .^r^-.'  vr;  ".•:.  '.vr-ii-.v  •.  t  -/.LirTj.  az.  i  is,  as  a  ru.-.  Txret-: 
:v.  .1  >-:  yr  x:::.'.:y  :..  :..v  *ur:.i.;v.  w^-.-rr  ".t  is  ^.i^ble  to-iri.vaij:'.*:*.:-.:;. 
cx:rt:....l_v  l..\.ri.     N ;  vk-.H  authenticated  instance  ot  a  veici  se"lir.i 

'.  i~  .-".-■  --■  f  Mr  '-*-ra»S  IL.  farma:h  rilzjr'.'  tz'f^i:!  - 
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down  into  and  "living"  in  the  country  rock,  has  been  observed. 
Owing  to  this  fact,  and  to  the  circumstance  that  most  of  the 
quartz  has,  up  to  the  present  time,  been  sought  by  shallow  adita, 
but  little  mining  has  been  carried  on  which  could  enable  any 
reliable  opinion  to  be  formed  respecting  the  character  and 
continuity  of  the  reefs  in  depth.  No  sluifts  of  any  iinpnrtflnce 
have  been  sunk,  and  some  atHts  which  were  started  to  explore 
the  country  under  favourably  tojiographical  conditions  had  to  be 
abandoneil  owing  to  the  hardness  of  the  rock,  which  proved  too 
much  for  the  labour  available.  The  course  of  the  reefs  varies  from 
N.  20^  to  40"  W.,  the  dip  being  generally  easterly,  at  an  angle  of 
from  30'  to  35°  with  the  horizon.  Some  of  the  veins  appear  to 
inchne  at  a  greater  angle,  but  these  are  exceptions  to  the 
general  rule. 

Whatever  may  prove  to  be  the  future  of  the  Wynaad  as  a  gold- 
producing  country,  no  doubt  can  exist  as  to  the  extent  of  the  mining 
operations  which  were  canned  on  at  periods  which  cannot  be  aj>- 
proximately  fixed  even  by  the  uncertain  evidences  of  tradition. 
The  deei)est  shafts  re-oj)cned  had  been  sunk  t*i  a  depth  of  about 
twelve  fathoms,  and  in  every  ca.se  had  struck  a  reef  more  or  less 
auriferous.  It  is  hardly  fair  to  assume  that  the  presence  of  water 
caused  the  abandonment  of  the  works,  although  it  might  certainly 
entail  their  temporary  suspension  during  the  prevalence  of  the 
luonsoon.  The  shafts  referred  to  were,  in  two  instances  at  least, 
namely,  on  the  boundaries  of  tlie  Perseverance  and  the  Devalah 
Central  Companies,  and  on  the  course  of  the  EUumbuHay  Reef, 
sunk  to  a  considerable  depth  on  the  normal  course  of  the  reefs. 
In  each  case  the  numbers  of  shafts  sunk  within  a  given  area,  and 
the  character  of  the  surrounding  country,  would  lead  to  the  con- 
clusion tlmt  the  miners  had  found  sufficient  inducement  to  justify 
them  in  perseverii^  in  their  labours.  It  is  of  course  open  to  ques- 
tion whether  the  same  yield  of  gold  would  afibrd  a  profit  under 
the  present  conditions  of  paiil  workmanship  as  under  the  old 
rigime  of  compulsory  labour.  In  one  instance  as  many  as  fifteen 
or  twenty  shafts  had  been  sunk  within  an  area  of  as  many  yards 
square,  but  the  miners,  whoever  they  may  have  been,  seem 
to  have  had  no  idea  of  inter-communication  by  means  of  levels. 

The  occurrence  of  auriferous  reefs  in  the  Wynaad  is  beyond 
doubt,  but  Mr.  Seymour  is  of  opinion  that  their  continuity  in  depth 
and  strike  is  a  very  important  question,  and  that  until  their 
atftbility  in  these  respects  has  been  established  the  prospects  of 
gold  mining  in  the  district  must  remain  uncertain. 
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foet  below  the  Mifaoo.     In  anoiber  locmlitj  a   reef  tiwiriif  i 


y 


r^ 


»'■.  '^Vj 


Fm  TV.— QnalU  faouMani  Wynuil. 

jironounood  strike  atid  a  width  of  many  yards  on  one  siJe  o(i 
jfully,  failed  to  show  any  trace  on  the  other. 

A  nitff  was  found  jiiindk-I  to  the  slo})e  of  a  hill  side,  and  anothd 
lying  parallel  to  it  waa  found  by  means  of  an  adit.  Outcrapt 
having  bifon  seen  on  iJio  slope  abdve  underlying  in  the  saii  ' 
tion,  it  appeared  probable  that  other  parallel  veins  would  i 
ytit  aftur  driving  a  cross-cut  for  a  considerable  distance  throujk 
the  hill  uoufc  were  discovered.  In  another  instance  a  stronj 
out/crop  some  nino  foot  in  thickness  was  discovered  on  the  brow  uf 
a  liiM,  but  all  pxplorations  to  prove  it  in  depth  were  unsuccearfiil. 
nolwith.standin^'  an  exceptionally  favourable  contour  of  thogrciotal, 
and  no  reasonable  doubt  can  exist  that  it  pinched  out  witliin  a 
Hhort  diRtiiuco  from  the  surface. 

This  tendency  of  reefs  to  dip  with  the  hiU  sidew  ia  c«*uMn 
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the  WjnaacI,  but  it  is,  however,  possible  that  the  contour  oj 
le  bill  itself  may  sometimes  be  due  to  the  projecting  inilueQce 
a  reef,  which,  actiug  as  a  capping  or  shield,  protects  it 
rem  the  destructive  effects  of  the  monsoon  for  an  indefinite 
iriod.  The  landshps  which  occur  during  and  subsequent  to 
le  monsoon  have,  in  many  cases,  had  the  effect  of  dislocating 
le  reefs,  and  in  some  instances  of  causing  one  reef  or  ledge  to  be 
sgarded  as  two  distinct  and  independent  veins. 

A  careful    consideration  of  the  foregoing   facta  lead  to   the 

::oncIusion    that   the   auriferous   ledges  of   the   Wynaad   cannot 

jeiierally  be  accepted  as  true  veins.     The  character  of  the  various 

s&  is  essentially  identical  throughout  the  district,  consisting 

they  do   of  massive  white  quartz,  in  which  occur  irregular 

^gregations  of  pyrites,  which  \s  frequently  arsenical    Limouite, 

Bmatite,  chalcopyrite,  and  occasionally  native  sulphur  are  also 

>reseQt.     In  almost  every  instance  the  gold  occurs  in  association 

with  these  minerals,  and  Mr.  Seymour  does  not  hesitate  to  express 

lis   belief  that  some   of  the  specimens  shown  in  London,  pur- 

irting  to  have  been  brought  from  the  Wjmaad,  were  not  indigen- 

Ibua  to  that  district.     It  will,  he  believes,  be  eventually  proved  that 

lying   gold  exists  only  in  conjunction  with  pyrites,  and  more 

specially  with  arsenical  pjrites.     The  reefs  vary  in  width  from 

few  inches  to  twenty  feet.     Assays  of  the  Wynaad  ores  have 

kffonled  results  varying  from  2  dwt.  up  to  20  oz.  of  gold  per  ton ; 

the  highest  results  being  in  every  instance  obtained  from  arsenical 

pyrites. 

Mr.   J.   Darlington,   who   visited    these  gold-fields   in    1883, 

ind  who  has  conseciuently  had  the  advantage  of  examining  the 

workings  of  the  various  mines  when  in  a  more  advanced  stage,  is 

Mf>(  opinion  that  true  veins  of  auriferous  quartz  sometimes  occur  in 

■llie  Wynaad.      Irregular  patches,  lenticular  interfoliations,  and 

bedded   veins  are,   however,  more  frequent;   and   in   not  a  few 

^tances   what   had  been   taken   for   the   outcrop  of  a  vein  has 

proved  to  be  nothing  more  than  a  quartz  bonlder  fallen  from  a 

situated  at  a  higher  leveL 

The  bedded  reefs  osuallj  dip  with  the  surface  of  the  hill  in 

rhicb   they  are   encloeed.       ^Mapften  covered  by  a  clay-like 


material  resultin-. 
gneiss;   ■  "  " 
_from  alt* 

become  fissn 
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become  detached,  have  been  embedded,  as  shown  in  Fig.  77,  whidk 
represents  a  section  of  Rhodes  Beef  after  a  drawing  by  Mr. 
Darlington.  At  right  angles  to  this  section  the  reef  forms  a  saddle 
or  anticlinal 

Some  of  the  shafts  sunk  by  the  ancient  miners  would  appear 
to  have  been  made  in  pursuit  of  the  beds  of  anrifiBroos  giavd. 
Qenerally  speaking,  the  quarts  of  the  Wynaad  is  to  some  extent 
auriferous,  but  the  trials  hitherto  made  on  a  practical  scale  have, 
without  exception,  proved  unsatisfiEu;tory.  It  is  there£are  to  be 
feared  that  in  too  many  instances  the  mines  ci  this  district 
must  &il  to  be  remunerative ;  and  it  is  much  to  be  r^pretted  that 
more  haste  than  sound  judgment  is  so  frequently  ezhilated  by 
those  who  "invest"  in  companies  belongii^  to  this  dass. 

In  the  year  1802  Captain  Wturen,  who  was  at  that  time 
engaged  in  a  survey  of  the  eastern  firontier  of  Mysore,  instituted 


Fio.  77.— BhodetBeef:  tnntTeise  ■eeiion. 


inquiries  which  led  to  the  discovery  that  gold-washings  were  in 
operation  near  the  village  of  Wurigam,  the  modem  Urigam,  or 
Ooregaum,  and  that  actual  mining  was  being  carried  on  near 
Marcurpam,  where  the  quartz  extracted  was  first  pounded  into  dust 
by  women  and  afterwards  washed.  The  recent  history  of  the  gold 
industry  of  Mysore  may  be,  to  some  extent,  gathered  firom  the 
following  statements,  contained  in  the  reports  of  successive  admin- 
istrations. In  1868  it  was  stated  that  alluvial  gold  was  occasionally 
found  near  Betmangla,  but  in  quantities  insufficient  to  repay  the 
expense  of  collection.  In  1870  it  was  said  that  at  some  points 
along  the  foot  of  the  Hemagiri  Hill,  about  sixpence  per  diem 
could  be  made  by  washing  certain  sands  for  alluvial  gold.  In 
1872—1873  four  pounds  weight  of  gold  was  collected  in  the 
Betmangla  taluk,  and  in  1873—1874  six  pounds  weight  of  that 
metal  was  obtained  in  Kolar.  In  1874 — 1875  three  pounds  weight 
of  gold  was  obtained  in  Kolar,  besides  twenty  rupees'  worth  in 
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e  Honuali  taluk  of  the  Shimoga  district ;  and  permiasion  was 
iiteil  to  a  Mr.  Lavelle,  for  three  years,  to  prospect  for  gold 
and  other  metals.  Leases  for  twenty  years  were,  if  required,  to  be 
Bubsequently  granted  for  blocks  of  land  of  not  more  than  two 
square  miles,  and  not  exceeding  ten  in  number.  In  187.^ — 1876 
■we  are  ttjM  that  the  terms  of  the  leases  had  been  modified,  and 
that  prospecting  W618 progressing, but  in  1876 — 1877  we  learn  that 
the  Urigani  or  Ooregaum  Company  had  not  commencotl  operations. 
In  the  reports  for  1877—1878  and  1878— 187D  there  is  no 
information  relative  to  this  subject ;  while  in  the  tables  relating 
to  mines  and  quarries  the  statistics  of  gold  and  iionstone  are 
lumped  together.  In  the  last  report,  however,  1879 — 1880,  it  is 
stated  that  potstone  and  iron  ores  are  the  only  minerals  now 
worked  in  the  province. 

The  Kolar  gold-field  is  situated  in  the  province  of  Mysore,  about 
forty  miles  ea-st  of  Bangalore,  on  a  vast  plain  covered  with  grass 
and  scnib.'  The  [jrincipal  formation  uf  the  district  is  a  granitic 
gneiss  passing  into  a  syenitic  or  hornblendic  variety  of  the  same 
rock.  A  band  of  greenstone  trap,  about  two  miles  in  width, 
travei'ses  the  district  iu  a  north  and  south  direction,  and  it  is  in 
this  rock  that  the  auriferous  reefs  occur. 

Between  this  trappean  formation  and  the  gneis.s  to  the  east  of 
it,  broad  bands  of  rock,  including  honibleiide  and  mica  schists 
occur  ;  while  it  is  bounded  on  the  west  by  a  continuous  ridge  of  a 
banded  femiginous  quai-tzose  rock,  rising  in  places  to  a  height  of 
over  200  feet,  and  towards  the  southern  extremity  of  the  field 
showing  evidences  of  contortion.  This  rock  has  in  some  places  a 
jaspery  appearance,  in  others  is  composed  of  thin  alternate  laminoe 
of  quartz  and  siliceous  hiematite,  while  in  one  or  two  localities  a 
band  of  iron  ore  opens  out  to  a  width  of  several  feet,  and  appears 
to  have  been  at  one  time  extensively  worked.  Several  bands  of 
schists,  including  horubleudic  schist,  mica  schist  and  chloiitic  schist, 
occur  between  this  ridge  and  the  gneiss,  and,  like  the  shales  on 

e  eastern  .side,  dip  towards  the  trappean  rocks. 
The  band  of  trap  in  which  the  auriferous  reefs  occur,  varies  in 
structure  from  coarsely  crystalline  diorite  to  fine-grained  greenstone, 
the  former  appearing  to  pass  by  slow  gradations  into  the  latter. 
Where  the  crystalline  structure  is  most  fully  developed,  bouldei-s 
of  a  more  or  less  spherical  form  often  lie  scattered  over  the  surface, 
or  form  ridges,  several  of  which  occur  at  various  distances  apart, 
coursing  in  a  north  and  south  direction.     These  surface  boulders 

'  Information  kindly  snppiied  by  Mr.  J.  II.  Johus  of  the  Nine  'Recfa  Mine. 
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ti'pjpeu  to  decompose  slowly,  but  portions  of  the  same  rock  bron; 
up  from  a  depth  of  thirty  or  forty  fwet  beluw  the  eurface,  disint« 
rapidly  upon  exposure,  and  scale  off  in  numerous  concentric 

The  general  bearing  of  the  quartz  reefs  is  from  4°  to  10°  W.  of 
N.  and  they  invariably  occur  in   the  fine-grained  erm    ' 
Deposits  of  unproductive  quartz.  UHually  of  very  limited  «. 
in  length  and  in  depth,  are  often  met  with  in  the  more  < 
CTystalline  variety.     In  the  reefs  occurring  towards  the  eaKtern 
■western  limits  of  this  fonnation  little  or  no  p)Tites  has  been  fuiil 
but  thoso  near   the  centre  of  the   mass   contain    a   consid^ 
proportion   of  mispickel ;  and  occasionally  a   little    iron    pyriti 
pyrrhotine,  and  chalcopyrit*  are  also  met  with,     The  walls  of 
reefs  are   often  faced  more  or  less  thickly  with  chloritic  sch 
which  occasionally  encloses  garnets.     The  greenstone  is  ne 
decomposed  to  a  greater  depth  within  a  few  feet  of  the  reefs 
at  a  more  considerable  distance  from  them,  and  the  resulting  cl 
of  a  greenisli-yellow  colour,  is  the  so-cidled  "  mullock  "  i>f  Austl 
Han  miners,  which,  when  it  occurs  in  the  form  of  a  horse,  or| 
strings  in  connection  with  the  reefs,  often  contains  a  little  gold 

Some    of   these    reefs    have    been    worked    to    conaiilen 
depths  over  great  lengths,  but  no  records  of  these  former  workin 
appear  to  exist.     They  have  been  generally  worked  by  ojien- 
but  it  has  not  been  determined  by  what  method  the  reefis  we 
attacked  and  the  water  removed  from  the  workings.     Mr.  Jo 
carefully  cx.imined  a  portion  of  a  reef  stamling  in  one  of  the 
workings  in  the  Nine  Reefs  Company's  property,  with  a  view' 
discovering  the  method  adopte<l  by  the  former  miners  for  brea 
the  rook;  but  although  it   is  very  hard  aji<l  sliowed  no  signs j 
decomposition,  he  could  neither  find  traces  of  bore-holes  non 
thing  to  indicate  that  borers  had  been  employed.     He,  howe 
from  time  to  time  found  jticces  of  charcoal  in  the  (le'brix  with  whl 
the   old    workings  were  filled,  and  this,   in  the   absence   of 
traces  of  bore-holes,  would  rather  pf)int  to  the  ancient  method^ 
fire-setting  as  that  by  which  the  reef  had  been  worked. 

Gold  occurs  in    Hyderabad,  or  the  Nizam's  Dominions, 
mention  of   it   is  found   in  various  works  published  about 
beginning  of  the  present  century.     Within  the  province  of 
gold-washing  has  been -carried  on  in  the  Native  States  of  Dt 
kanal,  Keonjhar,  Pal   L;ihara,  and  Talchir;  but  as  ia  the  ca«ej 
many  other  parts  of  India,  it  is  on  tlio  whole  an  unretnuneratl? 
business.     In  Bengal  small  quantities  of  gold  arc  disseminated  in 
the  sands  of  the  streams  in  the  Midnapurand  Bankurii  diatricta^l 
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^■rell  as  in  tliose  of  the  Chutia  Nagpur  province,  which  includes  the 
Heater  portion  of  the  hilly  region  on  the  south-west  frontier  of 
^Bengal.  The  localities  in  the  Maubhum  district  in  which  gold- 
-bearing sands  are  known  to  exist,  are  very  numerous,  and  in  its 
Hnorc  northern  portion  there  are  probably  but  few  streams  of  which 
^ue  sands  are  not  to  some  extent  auriferous.  By  a  systematic 
^■pplication  of  the  ojierations  of  two  gold-washers  for  a  period 
^Hitending  over  three  months,  Professor  Ball  ^  was  enabled  to  define 
^Bie  area  in  which  gold  is  comparatively  most  abundant.  The 
^ftsults  thus  obtained  were  found  not  only  to  agree  with  the 
^■nditional  information  of  the  gold- washers,  but  they  also  very 
^Bonclusively  showed  that  the  area  over  which  the  largest  amount 
^Hf  gold  is  disseminated  corresponds  with  a  tract  comprehenchng 
^Bparticular  series  of  stratified  rocks.  These,  which  consist  chiefly 
^V  mica  schists  and  quartzites,  are  all  included  in  the  sub-meta- 
^Borphic  series.  Although,  however,  more  gold  was  collected  from 
^■l|>erficial  deposits  within  this  area  than  elsewhere,  thoise  portions 
^H  the  district  in  which  metamorj;)hic  rocks  are  alone  present  did 
^Bot  prove  entirely  barren.  The  boundary  between  these  two 
Hbrmations  coincides  with  a  tine  drawn  from  Simlapal  on  the  east, 
Hhrough  Bara  Bazaar,  to  a  point  a  little  north  of  Ichagarh  on  the 
Hirest,  and  thence  continued  into  the  Chutia  Nagpur  highlands. 
BBouth  of  this  line  sub-metamoq^hic  rocks  almost  entirely  prevail, 
while  beyond  the  Manbhum  frontier  they  extend  into  Singhbhum 
and  Lohardaga.  During  the  period  of  three  months  before  referred 
to  a  diary  was  kept  in  which  a  record  was  entered  of  the  amount 
of  gold  obtained  daily,  as  well  as  of  the  character  of  the  rocks  where 

(different  washings  were  made. 
An  analysis  of  these  several  records  shows  that  in  the  sub- 
tamorphic  rocks  the  average  amount  of  gold  daily  collected 
i  "4  grain,  while  in  the  metamorphic  rocks  it  was  only 
"16  grain.  With  respect  to  this  very  small  yield  of  gold 
Mr.  Ball  remarks  that  the  washers  were  often  working  on 
strange  ground,  and  that  moreover  they  had  frequently  to  walk  a 
distance  of  some  miles  to  the  point  at  which  their  operations  were 
to  commence.  To  the  above  must  also  be  added  the  fact  that  their 
day's  pay  being  assured  to  them  they  contented  themselves  with  a 
very  limited  amount  of  physical  exertion.  In  Singhbhum  gold 
occura  under  nearly  the  same  conditions  as  in  Manbhum,  except 
it  in  the  former  district  it  would  appear  to  be  entirely  confined 
the  Bub-metamorphic  rocks.  In  Singhbhum  quartz  veins  are 
*  "  Muinal  of  the  Geolngy  of  Indu.."  Part  iii.  1S8].  p.  190. 


-^      •      WM 


454 


ORE  DEPOSITS. 


[fABT 


abundant  in  cortiuu  shales  and  sintes  to  the  north  and  wcssl  iif 
Chaibassn,  and  it  is  not  improbable  that  sonic  of  tht.-^e  may  be 
auriferous.  In  the  State  of  Jaahpur  the  gohl-wasUers  fiml  it  more 
profitable  to  work  the  ancient  alluviums  of  the  valltivs  thiuj  i 
waali  the  more  recent  sands  and  gravels  of  the  streatns.  At  am 
distance  from  its  banks,  nod  on  both  sides  of  the  river 
there  are  tracts  which  have  been  completely  honeycombed  mii 
shafts  of  from  10  to  30  feet  in  depth  by  successive  geuenitions 
gold-seekers.  In  the  Udejmr  State  the  gold-seekers  work  in  | 
wniilar  to  those  on  the  banks  of  the  river  Ebe  in  Jashpur.  and  tl 
average  amount  of  gold  daily  collected  by  each  w:»shcr  is  stutvil  U> 
be  about  three  grains. 

Out  of  the  four  divisions  under  which  the  Central  Prorino 
are  chissified  the  Narbiuia  division  in  the  only  one  which  retufl 
no  gold-washers.  The  other  divi.sions  contribute  as  foUon 
Nagi)ur  130,  Jabalpur  52,  and  Chatisgarh  12. 

It  is  stated  tluit  in  Kojputana  gold  dust  was  fonneriy  obtained 
from  the  sands  of  the  Luni  and  Khari  rivers,  but  gold-waahiag 
appears  to  be  no  longer  carried  on  in  that  country. 

In  the  Presidency  of  Bombay  the  districts  of  Dharwar,  ] 
and  Kahwlgi,  in  the  Southern  Mahratta  country,  with  the  prora 
of  Kattywar,  include  all  the  known  gold-bearing  rocks,     ilr.  R] 
Foote,*  of  the  Geological  Survey,  regards  the  metamorphic  rocksi 
the  gold-bearing  areas  of  the  Dharwar  district  as  bi  '  '•»1 

three  liistinct  groups,  each  characterised  by  sjKJcific  l   ,  1 

peculiarities.      These  he  distinguishes  as  the  Dhoni,  Kapp.< 
and  Surtiu-  groups. 

The  Dohni  group  is  composed  of  hat<matitic,hornblendic,  chic 
and  micaceous  schists,  with  which  are  associated  several  beds] 
white  and  greyish  limestone.       Above  this  comes  tho  Kappatgo 
group,  consisting  of  ha-matitic  and  argillaceous  schists,  which 
frequently  mottled,  but  of  which  the  prevailing  colours  are  white 
or  reddish  buff.     The  thinl,  or  Surtur  group,  is  made  up  of 
blendic  and    chloritic   schists   associated    with    massive    d.- 
Quartz  veins  occur  throughout  these  groups,  but  according  to  Um 
native  washers  auriferous  sands  are  found  only  in  streams 
the  kSurtur  series. 

In   the  Surtur  group  the  outcrops  of  the  quartz  reefs,  wi 
usually  run  jjarallel  with  the  bedding,  have  generally  been  more  i 
less  broken  up  by  gold  seekers;  in  the  other  groups   the  quartx 

>  Itfonk  Oeol.  Hurv.  Ind.,  vol.  vUi.  1874,  p.  133;  Utm.  Otol.  Sure.  Mi,< 
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sins  often  course  across  the  strata.  The  Hati  Kati  Reef  is  in  the 
[appatgode  series,  and  in  its  cUbris  Mr,  Foote  found  traces  of 
visible  gold.  This  reef  contains  iron  pyrites,  besides  other  sul- 
phides, and  it  has,  to  some  extent,  been  opened  at  the  outcrop  by 
rude  sinkings  and  shallow  trenches  indicative  of  native  mining. 

It  has  been  state*!  that  all  the  rivers  of  the  Punjab,  the  Ravi 
alone  excepted,  contain  auriferous  sands,  and  although  this  may 
not  be  literally  correct,  it  is  still  an  undoubted  fact  tluit  the  rivers 
and  streams  of  this  province  do,  as  a  general  rule,  contain  gold. 
This  is  equally  tiue  with  regard  to  those  rising  in  distant  ranges  of 
crystalline  rocks,  as  well  i\s  of  those  having  their  sources  in  lower 
detrital  hiUs  of  Tertiary  ago.  The  practice  of  gold-waslung  is  in 
the  Punjab  doul>tle.ssof  cousiderable  antiquity,  and  under  the  Sikh 
Government  the  taxes  upon  this  industry  amounted  to  one-fourth 
of  the  gross  produce.  Now,  however,  as  in  most  other  parts  of 
India,  the  income  from  this  source  has  either  dwindle<l  to  very 
^lall  proportions  or  has  become  entirely  extinct.  The  districta  of 
ie  Punjab  in  which  gold  occurs  are  Bannu,  PeshawTir,  Hazara, 
iwalpiudi,  Jhilara,  Amballa,  and  certain  Native  State& 

Assam  has  long  been  famous  for  its  production  of  goW,  atid  it 
is  been  stated  by  various  authors  that  all  its  rivers  oontain  gold- 
Bariug  sand  ;  some,  however,  limit  this  general  statemeiit  to  Hume 
thich  rise  in  the  northern  hills.  It  wuidd,  hotrerer,  appear  that 
tiere  are  few  streams  in  the  districts  of  Darrang,  Sihsstgar,  anij 
ikhimpur  which  do  not  yield  gold.  A  large  pfoportiva  of  U»e 
)ld  obtained  in  Assam  is  apparently  derived  from  the  degndatmi 
^f  rocks  of  Tertiary  age;  that,  however,  which  ii  found  in  ihm 
ipper  reaches  of  the  Brahmapotra  probobij  oomea  direcUjr  hnm 
je  crystalline  rocks. 

Within  the  limits  of  British  Banna  goU  hai  been  bosid  ut 
le  beds  of  the  Iiawadi  and  eome  of  ita  tribotanet,  m  tbc  Pcgo 
|ivision,  and  in  the  beds  of  the  Sttang  and  iU  trihslarieK.  The 
Tavoy  river  and  the  Great  Tr  iniMrrim  Mad  ila  tnbvtMka  hi  thm 
Tenasserim  division,  also  ffnwtain  aanCnaas  Mitj.  bnt  yiM  ifiliim 
rould  appear  to  be  by  no  meana  a  remmmawliftm  hmimtm.  la  the 
Jpper  Irawadi  at  Bhaia«  and  aear  TkiagptAaar,  IpeU  ii  tghtlOM^ 
)m  auriferous  saada  Some  nilea  ■aarij  due  mmA  «f  the  kgi 
cality  is  a  small  rrnilei  the  Made  «f  which  mm  wmHtgmm,  tmA 
where,  it  is  stated,  each  waAcr  ceaU  cstb  (he  0fmdmit>  tt  iSmm 
shillings  a  day.  A  ft;v^k>BMRr  ThiBgBAa«fheF4imli«aMi( 
contains  gold,  but  the  wMhets  ase  diiirihiJ  ae  hca^  ■itsiftly 
poor. 
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SiLTXB. — Although  the  natives  of  some  parts  of  India  were  aU* 
long  ago  to  separate  gold  from  silver,  and  to  extract  the  latter  nieti 
from  argentiferous  galena,  there  ap{iear8  to  be  no  direct  evjdnicf 
that  silver  was  ever  largely  produced  in  the  country.     The  ennK- 
tion  of  silver  from  argentiferous  galena  is  probably  still  pricti«dij 
Kandahar  and  Kashmir,  but  the  only  rejjion  in  wliich  tliia  iniiiuin 
is  r^ularly  carried  on  is  in  the  Shan  Stat<!ft  which  are  trihtitaiyio 
Siam.     Siwcimens  of  silver  ore  and  even  of  native  silver  an;  tuui 
to  have  been  found  in  many  parts  of  India,  but  the  quantity  Jw 
always  been  exceedingly  small,  and  in  many  cases  furthur  evjdojw 
of  its  occurrence  in  the  localities  indicated  would  be  desirable,  it 
follows  that  any  silver  which  may  have  been  hitherto  found  in  hi^ 
otherwise  than  in  association  with  galena,  is  of  greater  niineralop. 
cal  interest  than  commercial  importance. 

Lead. — At  the  present  time  lead  ia  produced  in  British  lodii 
in  very  small  quantities  only,  although  there  is  probably  no 
with  the  exceptitm  of  iron,  of  which  the  ores  were  formeri/ 
extensively  worked.     Evidence  of  this  is  atlbrded  by  the  ex 
the  ancient  lead  mines  of  Southern  India,  Rajputana,  Balochi 
and  Afghanist^in. 

In  the  Presidency  of  Madras  lead  ores  have  been  foui 
Ka<lapah,at  Jungiimrnzpilly  and  Cotclur;  in  Karnul,  at< ' 

and  Koilkontla;  in  Bellary,  in  the  Saudur  Hills;  and  i;.  i 

at  Karampudi.  Mr.  King  describes  the  Jungumrazpilly  tntDS 
as  follows :  "  The  old  and  now  deserted  lead  workings  nre  at 
the  south  end  and  east  side  of  the  low  ridge,  just  north-north- 
east of  the  village.  The  pits  or  galleries  have  been  excavated 
between  beds  of  dark  groy  siliceous  limestone  which  is  impft- 
gnated  with  strings  of  white  and  dull  blue  quart/.  These  r«b 
are  referred  to  the  Cumbum  division  of  the  Nallamallay  gnwp 
of  the  Karnul  series.  Oratmlar  sulphide  of  lead  is  disseni' 
inated  ia  very  small  quantities  through  the  blue  qUtVix.  Ia 
the  white  quartz  there  are  faint  traces  of  copper.  The  stnagioT 
quartz  have  been  deposited  in  nort.h-north-ea5t  and  south-south- 
west fissures,  having  a  dip  of  60"  westward,  the  strata  lying  nt  Sft' 
E.  by  N.  The  old  workings  are  to  a  great  extent  filled  tip  Kith 
the  excavated  fragments  of  rock  and  are  now  overgrown 
jungle."*  Lead  ores  from  this  locality  contain  from  lOi  to  1 
of  silver  per  ton.  The  origin  of  these  extensive  excavations 
in  obscurity,  although  it  is  known  that  the  mines  were  wn:>ufifl 
the  Hindu  kings  of  Bijanagar,and  subsequently  bythe  Mwhani 
•  ifem.  GeoL  Surv.  Inil.,voL  viiL  1872,  p.  273. 
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s  of  Radapab  ia  the  time  of  Halim  Khan.    They  were  after- 
worked  by  Hyder  and  Tipii ;  the  latter  of  whom  is  said  to 
destroyed  all  documents  relating  to  them. 

Bengal,  within  the  limits  of  the  Bhagalpur  division,  lead 
have  been  found  in  the  Sontal  Parganas  district  at  or  near 
>llowing  localities  :  Sankera  Hills,  Tiur  Hill,  Balruki,  and  at 
1-Pahar  or  Akasee. 

H  the  Province  of  Chutia  Nagpur  lead  ores  have  been  found 
fcnbhum  at  Dhadka ;  in  Hazaribagh  at  Mahabagh,  Baragunda, 
tndadi,  Barhamasia,  Nawada,  Khesmi,  Muknndganj,  Parseya, 
iHisatu  ;  in  Lohardaga  at  Barikhap  and  Sili ;  in  Sirguja  at 
Imnda,  and  Chiraikund.  In  all  these  places  the  rocks  in 
I  the  veins  occur  belong  to  the  metamorphic  series.  At 
ika  in  the  Manbhum  district  in  a  hill  of  mica  schist  close 
'village  called  Jani  Jor,  near  an  outlying  house  belonging  to 
illage  of  Dekia.  a  deposit  of  galena  was  discovered  in  1869  by 
f  Kumars  when  searching  for  iron  ore.  The  galena  from  this 
ity  contains  from  GO  to  80  oz.  of  silver  per  ton  of  ore,  and 
IB  in  lenticular  masses  associated  with  haiiraatite  and  quartz 
true  lode.  Lead  ore  from  Hisatu  is  first  mentioned  in  a  letter 
iBsed  to  Warren  Hastings  and  the  Council,  dated  Calcutta, 
L  At  the  present  time  the  old  excavations  and  <Nhris  so 
ire  the  outcrop  at  this  place,  that  without  making  fresh  open- 
it  would  be  impossible  to  form  any  opinion  as  to  the  precise 
re  of  the  deposit.  The  neighbouring  rocks  are  gneiss  with 
bieudic  and  micaceous  schists. 

p  the  Central  Provinces  lead  ores  have  been  found  in  Sam- 
Ir  at  Talpuchia,  Jhunao,  and  Padampur;  in  Raipur  at 
koli;  in  Nagpur  at  Nimbha;  in  Jabalpur  at  Sleemana- 
\  and  in  Hoshangabad  at  Joga.  With  but  two  exceptions 
►  deposits  occur  in  metamorphic  rocks ;  the  exceptions  being 
b^pur,  where  the  country  rock  is  a  limestone  belonging  to 
Indhyan  series,  and  Joga,  where  galena  occurs  in  limestone 
rer  transition  age.  The  existence  of  galena  on  the  banks  of 
Ifcihanadi,  near  Jhunan  in  the  Sambalpur  district,  was  known 
cal  tradition,  but  the  exact  spot  vhere  it  occurs  was  not 
r«;red  until  IS?*,  when  by  cutting  trenches  at  right  angles  to 
ranitic  rocks  a  lode  contaiuing  that  mineral  was  discovered. 
lode,  where  opened  upon,  was  from  IG  to  19  inches  in 
I,  the  veinstone  was  principally  c<  of  quartz,  and  tb 

I&  obtained  from  it  yielded  leai  '2  oz.  5  dwt 

'  per  ton.     In  the  year  1875  a  •  'e  with  a 
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of  traciiig  this  lixle  iulanil  from  the  banks  of  the  rirer,  but  then 
being  no  one  on  the  spot  capable  of  carrying  on  the  opeiatiom 
the  alluvial  oovoring  was  not  sufficiently  removed  to  detemiiiu 
whether  the  lode  was  continuous  or  otherwise.  In  the  yearlSJj 
a  discovery  of  galena  was  made  by  some  stone-breakers  who  wat 
employed  in  proixiring  road  metal,  about  three  miles  westrf 
Chicholi  in  the  Raipur  district.  Specimens  of  galena  subseqaeat^ 
examined  contained  about  10  oz.  of  silver  per  ton  of  lead.  Tie 
lociUity  was  visit<;d  by  Mr.  W.  T.  Blanford  ^  in  1870,  who  desoila 
the  ore  as  occurring  in  a  true  vein,  largely  composed  of  qtart^ 
traversing  granite  or  granitoid  gneiss  and  hornblende  sciiist  paaoig 
into  diorite.  In  addition  to  quartz  the  vein  contains  pink  felijiB, 
green  and  purple  tiuorsixir,  epidote,  and  traces  of  the  carbonatenf 
coppt^r.  The  galena  is  thinly  disseminated  through  the  veinstoie^ 
but  Mr.  Blaufonl,  on  the  whole,  did  not  consider  the  indica^ 
unfavourable. 

Cialona  cHxnirs  in  Ajmir,  Alwar,  and  Udepur  in  Rajputaiia,iid 
has  boon  mined  for  somewhat  extouaivcly  at  the  foot  of  the  Tin. 
garb  Hill,  close  to  the  city  of  Ajmir ;  the  other  localities  beii^rf 
less  importance.  The  mines,  of  which  considerable  traces  !til 
e.xist,  wen.'  at  one  time  farmed  by  the  Mahrattas,  and  it  is  stated 
that  tlu'ir  siispi>nsii)n  was  tlue  to  the  Mutiny  and  the  desire  of  tbe 
tiovernment  to  juvvi-iit  the  extraction  of  lead  wiiich  might  k used 
for  the  inanufai'tiuv  of  bullets.  Aceonling  to  Mr.  Racket*  tleow 
occurs  in  a  number  of  ap])roximately  parallel  veins,  travL-rsing 
a  ijuartzite  of  suh-metnmorphio  or  upper  transition  age  in  nearlj 
the  .siiiie  ilireetiou  as  the  strike  of  the  rooks.  The  galleries  fd- 
lowed  the  coui-ses  of  these  veins,  and  were  only  sullieieutly  large  to 
allow  of  the  niiuei-s  crawling  through  them.  The  ores  were  brought 
to  the  surface  in  baskets,  which  were  ))a!<sed  from  hand  to  handl^i 
munbi'r  of  cot)Ue3  seated  within  retwhing  <]ist:ince  from  one  anotlwr. 
A  oonsideriible  iliscreiianey  exists  in  accounts  relative  to  the 
amount  of  lead  produeeil  at  these  mines.  In  ISSO,  Captain  Dijffli 
placed  it  at  only  42  tons  10  cwts.  i)er  annum  ;  on  the  other  lianil 
it  is  statt'd  in  the  local  gazetteer,  as  well  as  in  the  Settlement 
report,  that  alxMit  the  year  ISIS  their  annual  proiluction  tu 
from  340  to  400  tons  of  metallic  lead.  None  of  the  afconnlJ 
of  these  mines  mention  silver  as  occurring  in  the  ores.  In  1844 
the  Ajmir  magazine  ceased  to  receive  the  metal  produceJ,  and  the 
mines  were  coiise([uently  abandoni'd. 

'  A',vi»nA«  (!n>l.  Sun:  liul.,  vol.  iii.  ISTO,  p.  M. 
•  Ibid.,  vol.  xiil.  1880,  ]).  247. 
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lu  Bombay  gaieua  occurs  in  Jiibhan,  and  at  Khandelav  Lake 
the  Panch  Mahals  district  in  Gujarat.     The  galena   contains 
howt  five  ounces  of  silver  to  the  ton  of  ore.     No  attempt  to  work 
these  mines  has  been  niatle  since  1874. 

In  Balochista.n  there  are  ancient  leail  mines  at  Sekran,  but 
they  are  now  deserted.  These  mines  are  described  as  having  been 
-very  extensive,  and  it  is  stated  that  they  formerly  employed  200 
men.  The  vast  quantities  of  slag  found  in  the  district  testify  to 
the  once  great  extent  of  the  industry. 

In  the  Punjab  Himalayas  there  are  a  number  of  localities, 
especially  in  the  Kulu  and  Simla  districts  and  in  the  SLrmur 
fitate,  where  lead  ores  occur,  which,  in  some  cases,  have  been  worked 
on  a  very  Uraited  scale.  In  the  Simla  district  galena  occurs  on  the 
east  bank  of  a  stream  near  the  village  of  Chapla,  where  the  vein 
ntns  parallel  to  the  bedding  of  the  rocks,  which  are  slates 
intercalated  with  thin  beds  of  limestone.  Mining  and  smelting 
■were  for  some  time  carried  on  iu  this  locality  under  European 
management,  but  as  all  operations  have  now  ceased  it  may  be 
concluded  that  the  underLaking  was  not  a  profitable  one.  Ou  the 
banks  of  the  Tons  river,  about  twenty-five  miles  above  Kalsi,  is 
a  tract  of  country  surrounding  Swinj,  partly  included  in  Sirmur 
and  partly  in  Jauusar,  where  lead  mining  has  been  somewhat 
extensively  carried  on.  Mr.  H.  B.  Medlicott,  who  visited  this 
locality  in  1862,  says  that  only  one  mine  was  then  open.  He 
describes  the  lode  as  being  about  two  feet  in  width,  well  defined, 
and  with  a  dip  at  an  angle  of  70°  towards  cast-north-east. 
The  galena  exists  chiefly  in  the  form  of  a  regular  leader 
near  the  foot  wall ;  there  \s,  however,  another  distinct  band,  con- 
sisting chiefly  of  quartz,  containing  blende,  galena,  and  iron 
pyrites.  The  rocks  in  which  this  vein  is  enclosed  consist  of  slates 
and  limestones  of  the  Krol  and  Infra-Krol  groups. 

Within  the  limits  of  Assam  there  appears  to  be  no  rcconl  of 
Mkj  discovery  of  lend  ore,  but  there  is  undoubted  ground  for 
wlieving  that  considerable  deposits  must  exist  at  no  great 
[  distance  beyond  its  frontiers.  Lead  ores  occur  in  numerous 
localities  in  British  Burma,  but  little  is  known  cither  of  the 
nature  or  the  extent  of  the  deposits.  Native  Burma  and  the 
surrounding  slates  are  believed  to  produce  large  quantities  of  lead. 
In  Tenasserim  lead  ore  is  said  to  occur  in  limestone  of  Car- 
boniferous age.  The  exact  character  of  these  deposits  does  not 
appear  to  have  been  placed  on  record,  but  there  would  seem  to 
have  been  some  crude  attempts  made  to  work  a  few  of  them. 
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Corm. — ^Tbe  copper  ores  of  PenhuKUr  iiMta  occnr  in 
wSAer  ajtUJUtka  or  netamofpiue  rodc^  as   well   as  in 
gnof*  of  frtwJhrwi  age.    In  Extz»-PeBiBsalar  India  tbej 
foaad,  for  tbe  moai  part,  in  highly  metamorpboaed  tym^. 
pndse  lalatMns  of  wfakh  to  those  of   the  Peninsnla  hiT« 
in  all  cases  beea  detenaiaed.    At  a  rule,  to  wliidi  there 
bat  fev  exoeptioiM,  the  eopper  ores  of  India  do  not  occur  in 
lodes,  bat  are  either  sparsely  disseminated   throogh    the 
whieb  contain  them  or  are  locally  ooneeatxated  in  patches 
bandies ;   ooeaaBoaally  also  fissores  have  by  infiltration 
filled  with  ores,  and  Teina  on  a  assail  scale  have  thus  been 
duoed.      Both  in   the  Peoinaolar  and  Ex  tr^-Pen  insular  regiaw 
there  are  ancient  mines  of  great  extent  whose  history  is  lost 
ramote  antiquity,  bat  working  for  copper  ores  is  Dow  carried 
only  ou  the  most  limited  scale. 

In  the  Madras  Preddeocy  tncea  of  copper  in  greater  or 
abundance  are  found  in  Trichinopoli.  Bellary,  Kadapah,  Kuwd 
and  Nellore.  Some  of  the  most  extensive  copper  mines  ■ 
part  of  India  are  situate*!  in  the  Nellore  district,  in  the  viciL 
the  villages  of  Gunnipenta  and  Yerrapilly.  The  natives  uf 
locality  attribute  the  working  of  the  earliest  mines  to  the 
of  Bijanagar;  and  after  the  fall  of  the  Hindu  empire  in  1564 
is  believed  that  the  Mogul  conquerors  and  the  agenta  of  Tipa  oi! 
Hyder  successively  carried  on  mining  operations.  The  cxcavatioDS 
are  described  as  being  of  great  magnitude,  and  extensive  mouodi 
of  copper  slags  testify  to  the  fact  of  large  quantities  of  ore  luving 
been  smelted  upon  the  spot.  The  principal  ancient  mines  «» 
thirty  miles  north  of  Yerrapilly,  in  the  neighbourhood  of 
Oorganpully;  they  are  said  to  be  100  feet  in  depth,  and  to 
extend  over  a  length  of  several  hundre<l  feet.  The  Nsvab 
of  the  Carnatic  is  stated  to  have  worked  mines  in  the  Yenka* 
tagiri  taluk  previous  to  the  year  1780,  and  that  they  were 
given  up  on  the  assumption  of  the  country  by  the  Bri 
The  first  atUnnpt  to  work  the  mines  of  this  locality  by  Euro] 
was  mmle  in  1SU3,  since  which  time  operations  have,  at  varii>us 
puriwla,  been  resumed ;  but  on  each  occasion  the  workings  resultwl 
in  jx'cuuiary  loss.  The  information  which  is  possessed  relative 
to  tluj  nature  and  or'  deposits  is  far  from  complete, 

althougii  it  is  certni"  i  '-"vper  ores  have  been  obtained 

from  tlie  mines. 

Ill  Bengal  at  iJairu  jughur  district,  copper  ore  wm 

dinfovortMi    by  a  uativ  r  1840.       The   report  of 
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jvery  created  at  the  time  a  good  deal  of  excitement,  although 
does  not  appear  that  a  company  for  working  the  mine  was 
6r  formed.  Mr.  Barratt,  an  English  mine  agent,  however, 
>rted  favourably  on  the  property,  stating  that  the  ore 
jurred  in  a  cliampinn  lode  9  feet  thick.  In  the  Singhbhum 
Itrict,  and  in  the  State  of  Dhalbhnm,  are  probably  the  most 
iely  extended  copper  deposits  known  in  Peninsular  India, 
js  of  copjier  ores  usually  marked  by  the  presence  of 
lent  excavations,  here  extend  at  intervals  over  a  distance  of 
>ut  seventy-six  miles.  Tlie  copper  ores  appear  to  exist  on  awell- 
ined  horizon  close  to  the  base  of  the  transition  system  of  rocks, 
a  rule  tlie  ores  are  disseminated  through  bands  of  schist,  the  dip 
if  which  corresiTOuda  to  that  of  the  adjacent  strata;  in  some  places, 
however,  they  would  seem  to  occur  in  more  or  less  regulai"  veins. 
Indications  exist  of  mining  and  smelting  having  been  carried 
on  in  this  region  from  a  very  early  period,  the  available  evidence 
pointing  to  the  Seraks  being  probably  the  first  to  inaugurate 
working  in  this  locality.  The  number  and  extent  of  the  ancient 
workings  testify  to  the  assiduity  with  which  every  trace  of  ore 
was  followed  both  by  the  early  pioneers  and  subsetjuently  by  those 
who  followed  them  in  more  recent  times.  Mining  under  European 
management  wa.s  commenced  at  Landu  and  Jamjura  in  1857,  and 
for  a  short  period  from  60  to  65  tons  weight  of  copper  ore  was  turned 
out  monthly;  but  either  from  injudicious  expenditure,  or  through 
the  poverty  of  the  deposit,  operations  were  abamloned  in  1859, 

The  excavations  which  mark  the  position  of  the  ancient  work- 
ings at  Baragunda  in  the  Hazaribagh  district,  are  situate<l  along  a 
line  of  outcrop  of  metamorphic  rocks,  which  form  a  ridge  three- 
fourths  of  a  mile  long  between  the  villages  of  Parsabera  and 
fiaragunda.  These  rocks  consist  of  quartzite  and  granulite 
gradually  p.nssing  into  gneiss,  associated  with  micaceous  talcose 
4uul  horub]«ndic  schists.  The  excavations  at  this  place  are  very 
?nsive,  but  nothing  is  known  either  as  to  their  date  or  origin, 
though  some  of  the  specimens  obtained  from  this  locality  show 
It  in  many  cases  the  ore  occurs  as  a  constituent  of  the  schists, 
lers  would  apparently  indicate  the  presence  of  segregations 
lUel  to  the  bedding.  Dr.  McClelland  mentions  the  occurrence 
large  quantities  of  copper  slags,  covering  several  acres  of  ground, 
i  the  village  of  Giridi,  about  two  miles  distant  from  the  mines ; 
ieie,  in  the  vicinity  of  fuel  and  water,  the  ores  were  evidently 
sited. 
In  the  Central  Provinces  copper  ores  are  known  to  exist  in 
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Raipur,  at   Chicholi ;   in  Jabalj)iir,  at    Slecinanabad ;  Xamng 
pir,  at  the  Bimian  Ghat ;  ati«l  iti  Cliaiifla,  near  Thana  Wasa. 
the  Birman  Ghtit,  in  the  Nareinghpur  district,  copj»er  or«  ire 
discovered  in  the  year  1H73  on  u  s-iuall  island  Lu  tho  b«l  cf 
Narbada  river.     Mining  ojieraliona  were  commenced  shortly 
wards,  and  a  parcel  of  ore  which  was  sent  to  England  for  silc 
reported  to  have  paid  its  expenses.     Shortly  after  the  ground 
first  oiK'ned  the  band  of  metilliferous  rock  was  stated   to  ba««| 
tliickuess  of  6  feet.     The  results  of  subseriuent  ojjerations  »t»  i 
recorded,  but  tlio  mine  was  ultimately  abandoued. 

Copper  ores  are  found  in  several  of  the  independent  states  i 

Ilajpiitaua,  as  well  as  in  the  British  district  of  Ajmir.     In 

regions  mining  was  formerly  carried  on  upon  a  very  extensive  i 

but  at  present  the  business  of  the  miner  has  become  all  but 

tinct,   since  operations  are    carried  on  in  but   few    hx-ttliti^H, 

always  upon  the  most  limited  scale.     Mines  occur  in  the  StAteii 

Alwar,  Bhartpur,  Jaipur,  Udepur,  Bundi,  and  Bikanin     At  Da 

in  the  Alwar  State,  there  are  mines  situated  on  a   sharp  anti 

curve  in   a  thin   band   of  black  slater  intercalated    in   iiiiur 

There  appears  to  be  no  true  lode  at  this  place,  and  the  ore,  vidd 

is  cop]>er  pyrites  mixe<l  with  mispickel,  occurs  irrognlarly  dia 

nated  through  nearly  bLxck  slates ;  nests  of  ore  beiii^  also  ocoudo 

met  with.     The  ore  as  is  usual  by  the  native  process,  is  pon 

made  into  balls  with  cow-dung,  roasted,  smolt^^d  with  charcoal,  ujl 

afterwards  refined  in  an  oj)L'n  fire.     During   the   last  twelve  je 

the  average  annual  yield  of  this  locality  has  only  amounted  to ! 

tons  8  cwts.,  and  this,  owing  to  the  influx  of  European  copper,! 

gradually  diminishing.     Small  (luantities  of  tlie  sulphates  ofco|i|K 

and  iron  are  obtained  by  washing  tho  mine  refuse.     At  SinghaQa.b 

the  Jaipur  State,  tho  mines  are  described  as  consisting  of  tortoom 

galleries  of  great  extent.     At  the  working  face  tires  were  lightol, 

which  caused  the  rock  to  split  up,  and  the  l<xiscne<l  fragnienta  ««w 

subsequently  detached  by  the  aid  of  wedges.     Tlie  principal 

trance  to  tho  mine  is  by  a  gallery  driven  into  a  ridge  of  qua 

in  the  direction  of  its  strike,  and  at  a  point  several  huntlred  (it 

above  tho  level  of  tho  plain.     This  gallery  is  sometimes  60  fc-clj 

width,  is  of  considerable  height,  and  from  it  tlu-ee  separate  gall 

strike  oft' into  the  hill.     In  tlie.se  there  is  scarcely  a  trace  of 

remaining,  and  all  the  ends  are  concealed  by  fiillcn  ddhris  or ' 

accumulations  of  water.       Thesw    mines   have    long   since  b«*n 

Bbandunt'd  on  account  of  their  general  poverty,  but  comtidei 

quantities  of  blue  vitriol,  alum,. and  coj)peras an- sUll  mniiufac 
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roni  (leromposeU  slate  ami  other  retuse  Irom  the  old  workings. 
At  Khetri  there  are  workings  very  siraihir  to  those  of  Singhana- 
The  ores  are  here  sold  by  auction  to  Mohammedan  merchants,  by 
whom  they  are  smelted  in  small  blast  furnaces  blown  by  hand 
bellows;  the  manufacture  of  blue  vitriol,  copperas,  and  alum,  is 
actively  carried  on  at  these  mines. 

According  to  Mr.  Ball>  tlicrc  is  no  aiitluMitic  information  witli 
regard  to  the  existence  of  cojipcr  mines  either  in  Bombay  or  in 
Balochistan,  but  in  Afghanistan  a  copper-producing  district  is 
known  to  exist  between  Kabul  and  Kuram.  In  the  Punjab, 
copper  deposits  are  by  no  means  numerous,  and  none  of  them 
possess  any  particular  importance. 

In  the  North-West  Provinces,  the  districts  of  Kumaun  and 
Garhwal  have  long  attracted  attention  through  their  copper  mines. 
These  were  first  examined  by  a  Cornish  miner  so  long  ago  as 
1838,  and  were  subsequently  worked  at  various  times  until  the 
year  18-55,  when  they  were  visited  by  Mr.  W.  J.  Uctiwood,  who 
came  to  India  for  the  purpose  of  examining  and  reporting 
upon  the  metAlliferous  deposits  of  Kumaun  and  Garhwal.  Mr. 
Henwood's  repi<rt  deals  principally  with  the  ir.vn  ores  of  the 
country,  but  he  also  devotes  several  pages  to  copper  deposits,  with 
which  he  was  not,  on  the  whole,  favourably  impressed. 

The  district  in  which  the  Sira  mines  are  situated  consi.sts,  for 
the  most  part,  of  clay  slate,  in  which  traces  of  copper  are  numerous. 
Several  neighbouring  deposit.s  have,  from  time  to  time,  been  ex- 
amined, but  mining  operations  of  any  extent  have  been  confined  to 
one  only,  in  which  copper  ores  occur  in  a  stratum  parallel  to  the 
bedding  of  the  adjoining  rocks.  The  ore-producing  floor  is  from 
two  to  three  feet  in  thickness,  but  is  at  intervals  enlarged  by  the 
falling  into  it  of  metalliferous  strings  of  quartz.  Its  principal  con- 
stituents are  quartz  and  talc,  but  the  former,  frequentlj'  mixed 
with  a  tittle  calcite,  is  by  far  the  more  abundant  ingredient. 
Although  sometimes  accompanied  by  iron  pyrites,  clialcopyrite  is 
the  most  plentiful  ore,  and  occurs  in  the  form  of  short  narrow 
veins,  small  bunches,  and  scattered  granules.  In  the  richest  por- 
tions of  the  deposit  it  is,  however,  very  thinly  distributed 
throughout  the  matrix. 

The  Danda  Mine  is  situated  near  the  top  of  a  rugged  and 
precipitous  mountain,  the  ridge  of  which  is  talcose  slate,  and  the 
middle  chloritic  slate,  while  the  base  is  composed  of  a  mixture  of 
the  two  rocks  in  thin  alternate  layers.  The  chloritic  slate  is  at 
intervals  intcrstratified  with  thin  lenticular  beds  of  quartz,  few  of 
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which  exceed  three  ffCt  in  length  or  are  more  than  ax  inchain 
thickness.  Occasionally  clilorite  is,  to  Bome  extent,  diffused  thiotjgh 
this  quartz,  which  is  also  spiiringly  mingled  with  iron  pyrites  kdA 
chalcopyrite.  Fig.  78,  aft«r  W.  J.  Henwood,  represents  a  ««»ji«) 
at  the  Dan<la  Mine,  in  wliich  A  is  talci-.'se  slate,  B  chloritic  slai?,* 
the  metalliferous  quartz,  and  h  joints. 

At  Dhanpiir  or  Dliunpoore  the  slate  rook  of  the  neighbour- 
howl,  which  is  generally  blue,  although  sometimes  buff  or  browB- 
iah  in  colour,  has  usually  a  silky  lustre,  and  is  much  contorted  hj 
the  intercalation  of  thin  crooked  and  irregular  betls  of  qiuuti. 
The  ipiartz  is  almost  invariably  associated  with  a  small  proportina 
of  calcite.  A  bed  of  siliceous  limestone,  of  which  the  piwailioi 
colour  is  a  pale  butf,  and  which,  though  slightly  uuduhiting,  maj 
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be  regarded  as  nearly  horizontal,  is  usually  about  one  foot  in  thick- 
ness,  but  occasionally  enlarges  to  fifteen  or  even  twenty  feet*    The 
slate  and  limestone  are  both  traversed  by  two  sets  of  joints;  oik 
nearly  parallel  to  the  strike,  and  bearing  E.  and  W..  and  the  other 
between  N.  and  S.  and  10'  to  15°  E.  of  N.  and  W.   of  S.    Each 
series  is  highly  inclined,  and  in  both  dip  and  bearing  is  subjocl 
to  frequent  but  inconsiderable  flexures.     In  the  majority  of  cut* 
these  joints  exhibit  mere  contact  surfaces ;  sometimes,  however,  thej 
enclose  laniiaae  of  the  adjoining  rock,  or  plates  of  erubcscite,  while 
in  others  they  contain  a  mixture  of  copper  ore  and   country  rock. 
The  non-motalliferous  material  thus  included  is  divided  into  sjk. 
proximately  lenticular  masses  by  the  reticulation  of  numerous  small 
joints,  which  ai'e  often  faced  with  clay.     At  these  intersections  U)e 
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surfaces  of  the  lenticules  of  sterile  matter,  as  well  as  those  of  the 
ore  itself,  .are  often  marked  by  slickensides.  A  third  set  of  joints, 
which  bears  abovit  30"  E.  of  S.  and  W.  of  N.,  is  but  imperfectly 
developed.  The  joints  of  both  the  principal  series  widen,  and 
become  more  metalliferous,  in  proportion  as  they  approach  the 
nearly  horizontal  bod  of  siliceous  limestone,  and  then  sometimes 
attain  a  thickness  of  above  six  inches.  ThcFie  characteristic  deposits 
of  ore  do  not,  however,  occur  wht-u  the  two  systems  of  transverse 
joints  and  the  nearly  peq>eudieular  ones  merely  intersect  one 
another,  but  at  those  points  only  where  tlie  intersections  come  in 
contact  with  the  upper  suriace  of  the  bed  of  limestone. 

The  rock  in  the  vicinity  of  these  double  intersections  is  often 
for  some  distance  richly  charged  with  nests  of  erubescite  and  copper 
pyrites,  from  whicli  veins  branch  oflf  and  penetrate  both  the  lime- 
stone and  the  adjoining  slate.  In  extreme  cases  this  impregnation 
of  the  rocks  extends  for  a  distaiice  of  from  twenty-five  to  thirty 
feet,  but  generally  for  less  than  half  that  distance.  Fig.  37,  pnge 
02,  after  Henwood,  shows  the  mode  of  occurrence  of  copper  ores 
in  the  rock  joints  at  tliis  mine,  The  report  of  Mr.  HiiiwokI 
on  the  Chauiiiattiya  Mine  clearly  indicates  the  general  inoile  of 
occurrence  of  copj>er  ores  throughout  the  region.  He  says : 
"  There  is  no  lode  or  metalliferous  vein  visible  in  it,  nor  have  we 
seen  one  during  our  enquiries  in  this  country."  ^ 

The  existence  of  copper  ores  in  Darjiling  was  first  discovered  in 
1854.  since  which  time  its  occurrence  in  various  parts  of  the 
district  has  been  estahlislied.  A  mine  which  was  opened  about 
1870  atMangphu,  on  the  Tista,  is  considered  the  best  in  Darjiling, 
ami  is  Iwlieved  to  be  the  only  one  at  present  in  operation,  The 
rock  is  a  light  green  slate,  containing  irregular  layers  of  slaty  sand- 
stone. The  ore,  with  which  there  is  but  little  iron  pyrites,  occurs 
in  both  rocks,  in  the  form  of  lenticular  beds.  The  cupriferous 
layers  occur  at  intervals  throughout  a  total  thickness  of  200  feet, 
and  openings  have  been  made  upoiv  them  at  various  levels. 

No  copper  ores  have  hitherto  been  discovered  either  in  Assam 
or  in  British  Burma.  In  Tenasserim  specimens  of  an  ore  con- 
taining copper  were  obtained  in  1863  at  a  point  on  the  Yoonzalcm 
River ;  some  copper  slags  were  also  found  in  three  different  k»cali- 
ties ;  but  at  the  present  time  no  copper  industry  of  any  kind  is 
carried  on  in  the  country. 

Tin,  &c. — Tinstone  has  been  rarely  found  within  the  limits  of 
Peninsular  India,  and  the  only  localities  in  Extra-Peninsular  India 
*  "SeleotioJis  from  RecoHs  Govemtnent  of  India,"  vol.  viij.  IS.'i.'j,  p.  4. 
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t^rhere  it  occurs  in  any  conaiderablo  quantities,  are  situated  In  the 
Tenasseriin  division  of  British  Burma. 

In  tlio  Bengal  Presidency  tin  oxide  occurs  at  Nurunga,  and  is 
described  as  forming  lenticular  beds  in  gneiss  which  are  seldom 
above  one  foot  in  widrb,  but  are  sometinie.s  as  much  as  sixtjr 
feet  in  lengtb.  About  fifteen  years  ago  from  8  to  9  cwta.  of 
metallic  tin  were  obtained  from  ore  mined  at  tbis  place. 

In  Bombay  a  few  specimens  of  c^ssiterite  of  mineralogicftl 
interest  only,  have  occasionally  been  obtained,  but  as  yet  tliere  is 
no  reason  for  supposing  that  it  occurs  in  quantities  possessing  any 
commercial  importance. 

Tin  ore  is  found  in  various  localities  in  tbe  Tenasserim  dirinon 
of  British  Burma,  and  is  collected  chiefly  by  Chinese  labour  from 
sands  and  other  alluvial  dop<isit8.  About  the  year  1873  the  town- 
ship of  Ma-lee-won  was  leased  to  Messrs.  Steel  &  Co.,  a  firm  of 
Rangoon  merchants,  with  a  view  to  working  for  tin  upon  a  large 
scale.  In  addition  to  an  abundant  supply  of  stream  tin,  various  rich 
tin  lodes  were  said  to  have  been  discovered.  During  the  year 
1874-1875  machinery  was  erected,  roads  opened  out,  and  a 
parcel  of  ore  prepared,  which  yielded  about  seven  tons  of  metallic 
tin.  As,  however,  the  outlay  had  very  largely  exceeded  tbe 
returns,  the  lease  was  abandoned  in  1877. 

So  far  as  is  yet  known,  zinc  ores  are  of  rare  occurrence  in 
Peninsular  India,  but  in  some  of  the  Southern  Provinces  bleude 
and  calamine  are  described  as  being  somewhat  more  abundant 
In  Rajputana  there  is  at  least  one  mine,  which  is  reported  to  have 
been  formerly  worked  for  ores  of  zinc. 

Cobalt  ores  in  small  quantities  are  found  in  some  of  the  mii|^^ 
of  Rajputana,  and  are  used  for  the  purpose  of  colouring  g^V 
bangles  ;  ores  of  this  metal  also  occur  in  Tenasserim.  Both  cobalt 
nnd  nickel  are  present  in  small  quantities  in  the  pyrrhotine  from 
the  Klietri  Mines,  and  traces  of  nickel  sometimes  occur  in  iron  ores 
from  Bhangarh,  Ores  of  manganese  have  been  found  in  various 
localities,  and  some  of  the  Indian  iron  ores  contain  a  certain 
atuoimt  of  that  metal. 

luoN. — Iron  ores  are  so  ph^ntiful  over  large  areas  in  British 
India,  that  it  would  be  impossible  within  the  limits  of  the  present 
notice  to  give  even  the  names  of  the  various  localities  in  which  thev 
are  known  to  be  abundant.  In  order,  therefore,  to  convey  an 
idea  of  their  abundance  and  extent,  it  will  be  convenient,  in  Uie 
first  place,  to  give  a  concise  account  of  their  mode  of  occurrence 
mil    distribution  in   rocks  of   various  ages,   and,  subsequent! v,  » 
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short  deacription  of  a  few  of  the  most  important  deposits  hitherto 
discovered.  In  Peninsular  India  the  magnetic  oxide  occurs  either 
in  beds  or  veins  in  almost  every  region  iu  which  metamorphio 
rocks  prevail ;  while  iu  certain  localities,  as  in  the  Salem  district 
in  the  Madras  Presidency,  the  development  of  magnetite  is  on  a 
scale  of  extraordinary  magnitude,  whole  ranges  being  composed  of 
this  mineral  iu  its  purest  condition.  In  many  cases  these  deposits 
■would  appear  not  to  be  in  the  forra  of  veins,  but  to  occur  as  beds, 
in  the  same  way  as  do  the  gneissoid  nnd  schistose  rocks  with  which 
they  are  associated.  Iu  the  Chandii  district  enormous  deposits 
of  specular  iron  ore  and  magnetite  occur  under  similar  circum- 
stances. II  r.  Ball  remarks  with  regard  to  the  iron  ores  of  India  : 
"To  the  abundance  and  wide-spread  distribution  of  these  ores 
in  the  oldest  rocks  is  no  doubt  to  be  attributed  the  fact  of  the 
frequent  recurrence  of  con.siderable  deposits,  and  the  general 
dissemination  of  ferruginous  matter,  which  more  or  less  charac- 
terise tlie  Sedimentary  rocks  of  all  subsequent  periods."^ 

Bedded  maguetite  is  likewise  known  to  occur  iu  the  sub- 
metamoqihic  or  transition  rocks ;  while,  both  in  the  mctamorphic 
and  sub-raetamorphic  series,  considerable  veins  of  liraonite  are 
found  in  fissures  and  along  lines  of  fault.  E.xainples  of  such 
deposits  occur  in  Kadapah,  Karnul,  5[aubhum,  Jabalpur,  &c.,  &c. ; 
but  the  rich  ores  of  Central  India  occur  principally  as  haematites, 
in  rocks  belonging  to  the  lower  transition  series. 

In  the    Gondwana    system  of  rocks,  although    many  of  the 
conglomerates,  sandstones,  and  shales  of  the   Barakar  group  are 
almost  free   from    uon,  others    enclose    concretionary  masses    of 
limouite  ;  wliile  in  some  of  the  coal-fields  bedded  clay  ironstone 
occurs  in  sufficient  quantity  to  render  them  of  considerable  import- 
ance.    It  i.s  believed  that  iu  all  the  coal-fields  tliese  ores,  whether 
of  a  concretionary  or  bedded  character,  are  used  by  the  native 
smelters,  but  they  invariably  select  the  unaltered  carbonates  only, 
as  they  regard  ores  which  have  been  partially  transformed  into 
limonite   as   unsuitable   for   reduction.      The   so-called  Ironstone 
Shales  are  not  repre-iented  beyond  the  limits  of  the  Damuda  Valley, 
and  as  a  source  of  iron  ore  their  development  is  at  its  maximum 
in  the  Raniganj  coal-fic-ld,  where  there  is  an  inexhanstiUe  supply 
of  readily  accessible  ore.     Tiiis  mineral,  which  originally  existed 
either  as  blackband  or  as  clay  ironstone,  has,  near  the  surface 
been  to  some  extent  altered    into    limonite.     In    the  Raniganj- 
Kamthi  group  the  distribution  of  iron  ore  is  very  unequal,  since 
'  "Geology  of  IndiA,"  vol.  iii.  p.  536. 
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ia  the  ^ptoJ  Baniganj  rocks  femiginous  matter  ia  often  almusn 
trboUy  mbsent ;  while    in  their  western  equivalent,  the   KamUii 
group,  there  is  nut  only  much  disseminated  oxide  of  iron,  but  alssj 
thin  l*j«rs  of  iron  ore  which  are  made  use  of  by  the  uativeii  fu 
tT*****'^  {Muposes. 

Tbe  characteristics  of  the  succeeding  groups  of  the  Gond^ 
sene^  aoha  »&  iron  ores  are  concerned,  are  almost  precisely  : 
to  those  last  described.  The  Cretaceous  rocks  are  next  in  sequenc 
in  the  peoinsolar  formation.  In  the  Trichino]K)li  district 
Sontiiani  India,  rocks  of  this  age  contain  nodules  of  iron  ore 
eoBoiderable  abondance,  and,  when  fuel  was  locally  more  abundaul 
tkaa  it  is  at  present,  they  were,  to  some  extent,  smelted  by  tfao 
inhahttanta, 

The  Deccan  trap,  which  is  belie v«>d  to  have  been  poured  forth 
towards  the  close  of  the  Cretaceous  period,  and  was  perhaps  con* 
tinned  into  early  Tertiary  times,  contains  large  quantities  of  tnm' 
oni.  This,  to  a  large  extent,  occurs  in  the  form  of  disseminated 
oystals  of  magnetite,  but  occasionally  also  either  as  nests  or  layen 
of  haanatite,  gradually  passing  into  bule  or  ferruginous  clay.  Tho 
beds  of  riTers  traversitig  this  it»p  contain  iron  sands,  and  these,  after 
concentratioa  by  washii^,  often  suf^y  the  small  blast  furnaces  of 
tbe  natire  inm-smelber. 

Segregated  hands  of  iron  ore.  which  not  unfrequently  occur 
towarxij  tbe  base  of  certain  beds  of  laterite,  are  the  sources 
an  easily  worked   brown  hiematite   which   somerimes  contains  a 
laige  paoentage  of  iron.     These  ores  have  been  employed  by  nativi 
smeitefs  in  kxalities  scattered  over  almost  the  whole  of  India,  wi 
at  Bepor  in  Malabar,  and  at  3I&hom«d  Baxaar  in  Birbhum,  the 
eras  have  be^i  snaehed  at  estabHshments  under  British  management. 

In  additioQ  to  the  fnregotng  there  are  detrital  ores  of  subh-recent 
agsi,  rasuhii^  from  the  breaking  up  and  re-arrangement  of  the 
oMer  deposits,  as  w^  as  from  other  snperfioia]  aocumulatiaBs  of 
fenoginoos  mateciaL  These,  being  genendly  obtainable  without 
much  troohte,  are  frequently  prefened  by  the  natives  to  harder  or 
more  refractory  ores. 

In  Extra-Peninsular  India  iron  ores  are  found  in  conadeaaUs 
abundance  in  groops  of  rocks,  many  of  which  are  of  veiy  different 
ages  from  those  which  occur  within  the  limits  of  the  peninsula. 
The  principal  sources  of  these  are  Tertiary  rocks;  but  in  the  North- 
western Himalayas,  and  it  is  believed  also  in  Afghanistan  and 
Burma,  there  are  considerable  deposits  of  iron  ore  in  the  older 
uetamorphic  rocks.  ^P 
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^m        In  the  Madius  Presiflency,  iron  ores  are  said  to  be  very  generally 

^■distributed  throughout  the  Madura  district,  and,  according  to  Mr.  R. 

^f  S.  Foote/  ores  obtained  from  lateritic  conglomerates  were  formerly 

smelted,  of  which  large  heaps  of  slags  scattereil  plentifully  over 

I  the  country  afford  evidence ;  the  industry  is,  however,  now  extinct. 
In  thifi  district,  a  deposit  of  magnetic  iron  ore  occurs  in  gneissic 
rocks  ab<jut    a  mile  north-cast  of  the  village   of  Mallampatti,  in 
the  Pudokotai  State.     Mr.   Blanford,-  in  his  description  of  the 
Cretaceous  rocks  of  Trichinopoli,  mentions  that  they  frequently 
contain  nrxlules  of  iron  ore,  which  were  formerly  smelted,  aa  is 
evidenced  by  numerous  mounds  of  slag ;  but  owing  to  the  scarcity 
)f  timber  the  industry  is  now  almost,  if  not  entirely,  extinct.     The 
lext«nt,  number,  and  thickness  uf  the  beds  of  magnetic  iron  ores  in 
the  Salem   district,   is  amoiig   the    most  remarkable  phenomena 
>uuected  with  the  geology  of  India.     Messrs.  W.  King  and  R,  B. 
Toote,  who  have  given  an  account  of  the  distribution  of  these  ores, 
iave  divided  them  into  tlic  fuUowiug  groups  : —  ' 

1st.    The  Godumullay  group,  east  and  north-east  of  Salem. 
2ud.  The  TullamuUay-Kolymullay  group. 
3rd.  The  Singtputtay  group. 
4th.  The  Tirtamullay  group, 
.'ith.  The  Kunjamullay  group. 

On  account  uf  the  persistence  of  these  beds  over  long  distances, 
ley  frequently  afford  a  valuable  clue  to  the  geological  structure  of 
irge  areas.     Tiiey,  in  some  cases,  form  the  culminating  ridges  of 
ligh  ranges  of  hills,  and  are  occasionally  from  50  to  100  feet  in 
tbicknees.    Where,  therefore,  such  beds  are  either  vertical  or  steeply 
'inclined,  enormous  amounts  of  ore  are  laid  bare  in  cliifs  and  escarp- 
ments.    The  purity  of  this  ore  varies  considerably,  being  sometimes 
much  mixed  with  quartz,  but  ore  of  the  best  quality  is,  neverthe- 
^iess,  to  be  obtained  in  quantities  which  can  only  be  estimated  in 
Hithousands  of  millions  of  tons.     The  "  Porto  Novo  Steel  and  Iron 
^  Works,"  which,  in  1833,  were  established  in  South  Arcot,  were,  up  to 
the  time  of  their  8usi)ensiun,  supplied  with  ores  from  Salem.     The 
same  company,  appear  to  have  also  established  works  at  Bepur.  How 
long  they  continued  in  operation  is  not  known,  but  they  appear  to 
^bave  fallen  into  the  hands  of  a  succession  of  companies,  and  the 
^k>rc  is  believed  to  have  been  derived  from  the  hiterite.     In  1861 
puddling    was    superseded    by   the    introduction   of  a  Bessemer 

»  Rrford*  Orol.  Surv.  Ind.,  vol.  xii.  1879.  p.  147. 
«  ifnn.  CfoL  Stirv.  Ind.,  vol.  iv.  1S65,  i>.  216. 
»  Ibui..  vol.  iv.  1865,  p.  58. 
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Noteithatandiag  the  ahnnHawy  of  inm  ore  throughout  Suva- 
faalpor,  Behrahol  is  the  ooly  locality  in  which  smelting  is  exteostTelj 
carried  oo  by  the  Datires.  In  the  Jabalpar  district  iron  ores  occur 
nader  fimr  distinet  nmiditioina,  nanely.  as  detrital  aocumalatiooi, 
in  the  OoadwaUa  aaodstooes,  in  nb^Detamorphic  rocks,  and  u 
aocumalations  in  fisBiiiea  and  along  lines  of  fiuilL  In  the  Ni 
singhpur  district,  the  ores  of  Omarpani  bare  kmg  attracted  att«niic«! 
oo  account  of  the  excellent  quality  of  the  iron  manufactured  fro 
theuL  These  ores  are  associated  with  qnartzites  and  limestoni 
but  their  precife  mode  of  oocunence  is  somewhat  obscure.  The 
iroD  ores  of  the  Chanda  district  are  extraordioarily  rich  and 
abundant,  and  oomprefaend  magnetite,  haematite,  and  varii 
lateritic  ores. 

Among  the  most  importnnt  depodts  of  iron  ore  in   Cen< 
Intlia  are  those  of  the  Gwalior  State,  which  include  magnetite  and 
red  and  brown  haeraatites,  which  were  once  somewhat  eitensivd; 
worked  by  the  natives,  but  are  now,  to  a  great  extent,  neglected, 
cormwjuence  of  the  gieat  distances  the  ore  has  to  be  carried  to  tl 
fuel.  Large  deposits  of  iron  ores  occur  iu  numerous  other  localities 
(juritral  India,  but  in  one  oiJj,  namely,  at  Barwai,  does  any  attemj 
fiji|M:-ar   t/)   have  been  made  to  introduce  European    processes 
manufacture.     Tlie  ore  is  chiefly  limonite  occurring  in  irr^u 
innNMOH,  hut  haematite  is  also  found  in  the  neighbourhood.     In 
yi'iir  tNlll  tlio  erection  of  all  the  plant  necessary  for  the  product; 
of  charcdal  iron  was  coriimeJiciil  in  this  locality  bv  Mr.  Mitaud 
a  Swedish  motallurgiat.  but  tli^""^       -ere  never  completed,  and, 
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Throughout  the   Presidency  of    Bombay  iron  ores  oecur   in 
the  form  of  magnetite,  hsematite,  ami  limoQile.     These  ores  are 
all    more    or   less    extensively  worked   in  native  foiges,  but  we 
have  but  little  information  with  regard  to  their  respective  modes 
of  occurrence.      Although  the  celebrated   Delhi   pillar,  which  is 
unquestionably  the  finest  known  example  of  Indian  metallurgical 
art,  is  within  the  limits  of  the  Punjab,  this  province  is  no  longer 
remjirkable    for   its  manufacture    of  iron.     The  iron  ores  of  the 
Raniganj  field,  Bengal,  all  occur  in  the  ironstone  sliale  which  inter- 
venes between  the  coal-bearing  groups  of  Raniganj  and  Barakar 
in  the  Damuda  series.*     These  ironstone  shales  are  traceable  at 
the  surface  for  a  distance  of  several  miles,  the  total  thickness  of 
the  group  being  estimated  at  1,400  feet.     The  ore  does  not  occur 
throughout,  but  is  moat  abundant  towards  the   top  and  bottom, 
•where  it  is  found  in  bands,    lenticular  masses,  or  as  strings  of 
nodules,     It  is  usually  a  clay  ironstone  somewhat  altered  near  the 
surface,  but  in  some  places  a  regular  blackband  ironstone  has  been 
met  with.     It  is  easUy  obtained  at  shallow  depths,  and  for  a  long 
time  no  regular  mining  would  be  necessary.    During  the  last  fifty 
years  propositions  have  at  various  times  been  made  to  start  the 
manufacture   of   iron    upon  a  large  scale  in    this   locality.      The 
uiatter  was  not,  however,  seriously  taken  up  until  1874,  when 
the  "Bengal  Iron  Company"  was  formed;  but  in  1870  it  ceased 
operations.     The  cause  of  this  non-success  is  attributed,  in  the  first 
place,  to  the  insufficiency  of  the  original  capital,  and,  in  the  second, 
to  a  heavy  and  unexpected  charge  which  was  made  for  the  land 
taken  up  by  the  company.     The  ore,  which  is  of  good  (juality,  and 
contains  from  45  to  47  per  cent,  of  metallic  iron,  was  raised  and 
laid  down  at  the  furnaces  at  a  cost  of  about  one  shilling  ]*er  ton. 
From  its  commencement  to  the  time  of  its  suspension  the  Bengal 
Iron  Company  made  12,700  tons  of  pig  iron,  the  rate  of  production 
being  about  twenty  tons  daily.     Iron  ores  occur  in  the  Mauhhum, 
Singbhum,  and  Harazibagh  districts ;  in  the  latter  the  crystalline 
and  metamorphic  rocks,  said  to  contain  large  quantities  of  magnetite 
<>nd  other  ores  of  iron,  were,  a  few  years  since,  examined  by  Messrs. 
Bauerman  and  Ball,  who  were  of  opinion  that  the  accounts  pre- 
viously given  with  regard   to  its  quantity  hail   been  considerably 
exaggerated.     In  the  sub-division  of  Palamow,  iron  ore  occurs  in 
well-defined  zones    of  ferruginous  slates   200   feet  in  thickness, 
of  which  about  10  per  cent,  may  be   regarded  as  of  workable 
quality. 

'  W.  T.  Blanford,  Hem.  Oeol.  Surv.  Ind.,  vol,  iii,  \Mh,  p.  191. 
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lu  the  North  West  Provinces  the  existence  of  rich 
Kumaun  was  first  noticed  in  the  year  1850,  and  in  1855  Mr.  W.J. 
Uenwood  was  commissioned  to  visit  India  and  to  exainiue  ood 
report  upon  the  iron  and  copper  ores  of  Kumaun.  This  repon 
was  not  favourahle  to  the  views  previously  expressed  with  regani 
to  iron-smelting  upon  the  plains,  and  Burrulgaon  was  consequerifk 
s<ilected  as  the  s^it^?  for  an  experiuientiil  blast  furnace.  The  rr-^uiu 
obtained  were  regaided  as  unsatisfactory,  but^  nevertheless.  witL  t 
y'lMw  of  demonstrating  the  possibility  of  successfully  mauufncturiD'^T 
iron  vi}K>n  a  laiige  scale  in  India,  the  Government  in  1857  erect«vJ_ 
new  Works  at  Dediauii,  and  at  the  same  time  a  commercial  uude 
taking  abo  oommenced  o|)erations  under  the  title  of  "  Davies  i 
Co.*  la  1860  the  Government,  having  become  dissatisfied  with  tlte 
results,  sohl  the  works,  which  were  bought  oo  behalf  of  a  c«m- 
|iai^  which  in  1862  became  amalgamated  with  Datries  aod  Co, 
under  the  name  of  the  "  North  Indian  Kaniaan  Iron  Worb 
rowpttny,  Limited."  and  in  1864  suspended  operations.  In  187 
Mr.  U.  Baui'rman  visited  KamauD  and  reported  with  rvgaid 
the  advisability  of  le-establisluiig  the  mannfarture  of  ifoe, 
his  opinion  was  unfavourable  to  the  pfojed.  This  vkw  of  tbe 
<|uostiou  not  having  be«n  accepuhk  to  the  local  autLotitief,  i 
npoct  was  ealled  for  &um  the  Geological  Sarrey.and  in  1877  tk 
Qavanumea^  again  embarked  in  tlie  maniifartare  of  tiua.  In  1879 
the  wofks  were  still  in  operatioa,  bat  with  nvtuthfrnriiaKr  ranlli 
The  Inel  emploved  was  charDoal,  and  tbe  ores  "p**^***-  tad 
fitoai  Bamgark,  "■""■■■■ '-f;  in  crfMtelfaM 
6om  aaaall  veins  in  q[anitaie  in  KknRai^  dny 
orasfiom  Kabdhoogi.  and  siliceoos  brown  hcmatiteBfroanDedbnfr 
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Jaintia  hills  is  a  titaniferous  magnetic  oxide,  procured  by  washing 
ferrugiaous  earths  and  gravels. 

In  the  Pegu  division  of  Burma,  an  abundant  supply  of  iron  ore 
is  found  in  the  Tertiary  rocks  of  the  Eastern  Prome  district.  In 
Tenasserim,  seventeen  distinct  localities  are  known  in  which  there 
are  deposits  of  iron  ore,  all  being  situated  in  the  Tertiary  bills 
between  Maulniain  and  Tavoy. 
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STRAITS  SETTLEMENTS. 


These  settlements,  so-called  from,  their  situation  in  the  Straits 
of  Malacca,  comprise  Singapore,  Peuang,  Proviace  Wellesley,  and 
Malacca,  and  in  connection  with  them  are  the  protected  Native 
States  of  Perak,  Salangore,  and  Sungei  X^jong.'^  Travellers  Lave  at 
all  times  celebrated  the  metallic  riches  of  the  Malayan  archipelago, 
and  ancient  hiatorians  sjjeak  of  an  active  commerce  existing  long 
before  the  Christian  era  between  India  and  the  western  countries 
of  Arabia,  Egypt,  Greece,  &c.  The  Periin.snla  of  Malacca  was  not 
lees  celebrated  for  its  mineral  riches,  as  it  figures  on  the  maps  of 
Strabo  and  Ptolemy  under  the  significant  name  of  the  Golrlen 
Chersonese.  In  the  sixteenth  century  Malacca  was  the  most  im- 
portant centre  of  Further  India,  gold  and  tin  being  then  the  object 
[^of  an  important  trade.  Tin  a])pears  to  have  been  for  a  long  period 
produced  in  the  State  of  Perak,  since  all  travellers  agree  uikju  this 
point.  Godinho  de  Eredia,  at  the  beginning  of  the  seventeenth  cen- 
tury, states  that  the  country  of  Viontana,  now  called  Sungei  Ujong, 
proiluced  gold,  silver,  mercury,  tin,  and  large  quantities  of  iron. 

The  celebrated  French  traveller  Ta vernier  (1677)  states  that 
the  money  in  Queda  and  Perak  wjis  made  of  tin  ;  this  coin  weighe<l 
1\  oz.  and  passed  for  two  "sols."  The  value  of  tin  in  Perak  mus>t 
conse(iuently  have  been  about  2,200  francs  or  £88  per  tonne.  The 
mines  of  which  Tavemier  speaks,  soon,  however,  acquired  a 
considerable  extension,  as  the  king  did  not  long  content  himself 
with  working  the  tin  for  coinage,  but  also  produced  it  for 
exportation. 

The   geological   characteristics  of  the   Peninsula   of  Malacca 

are  as  yet  but  little  known,  owing  to  the  difficulty  of  access  to 

the  interior  and   to   the  dense  vegetation  which  there   prevails. 

The   mountains   are    generally   composed    of    granite,   which    is 

'  M.  J.  Exrington  de  la  Croix.  "  L«8  Miaea  d'fitain  de  Pdnk"  Pari*,  1862. 
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traversed  by  quartz  veins  contaiuing  tin  ;  iron  ore  also  occurs  in 
large  irregular  masses,  but  at  present  is  not  worked.     The  qo 
veins  contain  tin  ore  associated  with  iron  oxide,  and  sometimes i 
gold.     The  tin  ore  of  Perak  is  cassiterite  generally  of  a  br 
colour,  but  in  some  districts  it  is  whit*j  grej,  or  pink,  and  is  of 
translucent.     The  lodes  occur  under  the   same  conditions  u 
Cornwall,  and  in  some  districts  they  must  have  attained  a  cob 
able  thickness,  judging    from    the -enormous    alluvial    blocka 
massive  ore  which  are  sometimes  found.    The  ore  is  never  obt 
from  mines,  the  alluvial  detritxis  only  being  washed   in 
works;  the  ore  is  exceptionally  pure,  and  contains  no  sulphi 
arsenic,  or  wolfram. 

The  production  of  tin  has  for  several  years  constantly  inc 
which  sufficiently  proves  the  progress  of  mining  in  Perak. 

The  exportation  for  five  recent  years  was  as  follows : — 


Vvor 

Lfll\>ilt. 

Lrtwrr  rrrak. 

ToUL 

Tonnen. 

Toimea. 

Ttrnnra. 

1876 

1.7»3 

■iU 

2,054 

1877 

2,511 

647 

8,058 

1878 

2,895 

739 

8,«34 

187» 

3,478 

848 

4.326 

1880 

4.40e 

1.038 

6,444 

The  production  of  tin  in  1880  amounted  to  5,444  toos, 
the  aggregate  value  of  £450.000.  The  exports  of  metallic  tin 
from  Perak  in  1882  amounted  to  7,000  tons,  and  about  40,000 
Chinamen  were  employed.  Peuang  not  only  receives  the  entire 
production  of  Perak,  but  also  the  tin  produced  in  Siam  ami  ita 
dependencies  which  occupy  the  western  side  of  the  peninsula.  This 
mportation  amounted  in  1879  to  8,803  tonn;  a  quantity  iip- 
proaching  the  total  production  of  CuruwalL  The  total  amount  of 
tin  exported  from  Penang  and  Singapore  in  1882  was  lo,[>42  Uji 


DUTCH  EAST  INDIES.  &c. 

Holland  produces  no  valuable  metallic  minerals,  but  tbe  Dutch 
possessions  in  the  East  Indies  furnish  an  important  supply 
of  tin.* 


>  ••  Mineral  Statiit' 

*  Ennvvi-     ' •- 
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tt.  Imiiit,  Tol.  n.  1873,  p.  84. 
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The  island  of  Banca  may  be  regarded  as  a  continuation  of  the 

mountain  chain  of  Malacca,  exhibiting  similar  geological  chai-acter- 

kistics,  and  possessing  tiie  same  riches  in  tin  streams.     This  island 

^  contains  several  large  masses  of  coarse-grained  granite,  in  which 

I  veins  of  porphyry  and  finely  granular  granite  are  met  with.     Tliese 

granitic  bosses  are  surrounded  by  slates  and  sandstones  of  Silurian 

age,  in  wliich  tin  ore  is  sometimes  found   in  pockets  occurring 

between  the  planes  of  stratification.     The  ore  is  mainly,  however, 

obtained   from  Streamworks,  and  is  smelted   upon  the  spot  by 

Chinese  labfjur.      Like  Banca,  the  island   of  Billiton  consists  of 

granitic  masses  surrounded  by  Silurian  slates  and  quartzites.     In 

1882  Banca  arul  Billiton  together  produced  8,550  tons  of  metallic 

tin,  Banca  alone  yielding  4,327  tons."^  Part  of  this  tin  goes  to  China 

and  India,  but   that  destined  for   Europe  is  sold  by   auction   at 

Rotterdam  and  Amsterdam. 

Borneo. — The  metallic  and  metalliferous  productions  of  Borneo 
include  gold  and  platinum  as  wl41  as  ores  of  quicksilver,  copper, 
iron,  tin,  and  antimony.  Sambas,  Laudak,  Montrado,  and  Borneo 
proper,  furnish  the  greater  proportion  of  the  gold.  The  auriferous 
beds  consist  of  coai-se  sands  and  gravels,  often  overlying  beds  of 
elaj.  The  annual  amount  of  gold  collected  cannot  be  ascertained, 
but  the  export  from  Brunai  in  1880  was  of  the  value  of  33,(363. 

Borneo  also  supplies  a  certain  amount  of  platinum,  which  occurs 
at  the  south-eastern  extremity  of  the  island,  where  the  rocks 
chiefly  consist  "of  serpentine,  diorite,  and  gabbro,  covered  by 
a  deposit  of  clay  fifteen  feet  in  thickness,  untler  which  is  un 
Auriferous  bed  containing  magnetic  iron  sand,  platinum,  and 
iridosmine. 

Antimony  was  discovered  in  Borneo  in  1825.  The  chief  mine 
is  at  Bidi  in  Sarawak,  and  in  1880  antimony  to  the  value  of  872,516 
waa  exported.  During  the  same  year  the  export  of  quicksilver 
amounted  to  $66,300.  Sumatra,  Celebes,  and  the  Philippine 
Islands  furnish  considerable  amounts  of  gold. 


JAPAN. 

The  earliest  accounts  we  have  of  Japan  ^  reprpFont  that  country 
possessing  great  metallic  wealth.     Marco  Polo  tells  remarkable 

MiwraX  Staiitdc*  for  tM  yrar  1882,  p.  124. 
»  H.  S.  Mnnitje,  "The  Mineral   Wonllli  of  J«]ian,"  Tmiv.  .inter.  Inxt.  ilininrj 
Koginf*^,  vol.  V.  187",  p.  23<J. 
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r  tMMMO.OOO  is  bifiiai,«fi 
■M  d«R    Is   IfTl  dK 

1<0»  mi  US».  abMt  SMjOM  torn  of  earpcr  ««•  apmrfl 
tk«  Dvtch,  aad  SMJOOO  tawyGbinM  MCMhnte 
in  17S7,  nowwfM  iros  and  tin.  ia  additioa  to  gold,i 
copper.  M  prodaeto  «f  Japam. 

Ofan%h»meitJB§enm»taiatnh,themr»oiinmm\ki 
alivfMbot.  and  nrntfy  all  Um  diffewl  wielMa  are  tepnaBit(«; 
J^an ;  bni  aagnHite  and  wagnrtie  iioB  aaad  aie  pnbiliii  i 
noft  inportaat    In  IS74  mace  thma  400  vaohtiiigB  fo  itoo  uki 
were  tn  actire  opanttoo. 

Cofiper  U  oocnparmtiTeljr  pleoUful.  bot  altboogh  it  hu 
mined,  to  lome  extent,  for  nearijr  twelve  oenturieat  the  »tAn\ 
fag  of  the  mines  date*  oo  bather  back  than  about  300 ; 
average  annual  prodoctioa  during  the  past  250  yean 
aboot  2,800  tons;  in  1830  it  wa«  4.000  tons,  an«l  io  1^41 
tons.    Tliifl  rvpreaenta  the  aniteii  procitict  of  aboat  200 
tninea,  hut,  among  these,  fotir  onlj  furnish  about  one 
total  nmouut.     Co|>pcr  ores  occur  in  reins  which  are 
true  fiamres,  but  more  frequently  they  are  of  limited  extdtl 
are  apparently  irrifgular  dcpositfl.     In  both  cases  there  is  trauUrl 
eertAin  imralleliiun  between  the  different  veins  in  the  same  : 

Tlif  (ii;|K)nits  of  learl  ore  in  Japan  are  neither  nutne 
particularly  valuablf.  Ualuna  occurs  in  \-ein5  associated'' 
ores  of  copper  and  silver;  in  1874  thirty-five  mines  produced 
tons  of  letwi,  more  than  half  of  wliiili  was  the  yield  of  a 
mine.  Of  the  n'lnnitiing  mines  probably  two-thirds  yielded 
tliiui  t\  Um  each. 

Tin  ore  occiirB  only  in  veins,  nlthougli  it  has  been  stated  i 
dnpowtH  of  stroain  tin  have  also  been  discovered.     Nearly  all  I 
tin   produced  in  Japan  comes  from  the  Taniyama  Mine,  wh 
there  art*  21  diHtinct  veins,  averaging  eighteen  inches  in  thic 
Thosci  traviTHo  Hediinentory  rocks  composed    of  soft  tuffs, 
and  HandHl^onos,  with  occasional  beds  of  hard,  dark  blue  qua 


rface  is  ahaoei  t%y»\mheK  «p(«s>«o  'vitit  a  ik^fv^i  m  it»^')<«r« 
!,  and  exposores  of  ^iviaaaac  wwi  «»  MimnKSb.  TV  v<^n» 
from  north-vest  to  «!«t^-«aBt:iiiesa'3K><tft^  ivv^  n  fivwi 
iast  to  sootb-vest,  «ad  tik^  <•«.  vloc^  is  <«s!at«nl«,  »t 
id  in  a  quartswe  gaagve.  One  iMndNti  and  tm^entj 
;  are  empk>yed.  aad  tW  auttal  pPMioctkA  is  »bout 
ons. 

1874,  four  mines  im«  pfodndng  sntimonj,  but  only  on  a 
oaU  scale.  Ciniialwr  oocnrs  in  two  localities,  as  impregna- 
1  the  sandstones  of  the  Goal-measures. 
i  silver-bearing  veins  are,  as  a  rule,  true  lodes,  continuous  in 
regular  and  persistent.  In  1874,  ninety-eight  mines  pro- 
312,000  oz.  of  silver,  of  which  one-half  was  the  yield  of 
Qes.  Silver  occurs  associated  with  copper  and  lead  ores,  and 
nes  also  with  gold.  Native  silver,  argentite,  and  antimonial 
tre,  are  the  only  tnie  silver  ores  found ;  but  this  metal  like- 
'«urs  in  fahlerz,  in  galena,  in  copper  and  iron  pyrites,  and  in 

Id  occurs  in  quartz  both  in  veins  and  in  placer  .deposits,  bat 
.ter  are  uniformly  poor.  The  principal  portion  of  the  gM 
ly  produced  comes  from  mines  worked  chiefly  for  lilTer, 
producing  gold  alone  are,  as  a  rule,  not  renraneratire^ 
i^rding  to  the  records  of  the  Japanese  Mintfig  OtBce,  then 
I  1874  no  less  than  1,856  productiTe  mines  in  Jajiaa.  Tb« 
ig  table  gives  the  production  of  metab  in  Ji^iao  dttring  tb* 
\7o. 

Production  or  Metau  is  Jatas,  bcxisw  tvk  Tcjik  !%;$.' 

i 

I  HeUl*.  1-mia.         tam^.  t 


Iron M3»  —  IttMt 

Gold —  3T<  Sl.*y. 

Silrer —  ».rM  «i.«M 

Copper S.+^  —  1*Ji.'V* 

Leid If*  —  tja: 

Tin 7  —  <:> 


T<««]  .       ...  J3SJW» 


npared  with  ^kt:  TefKOoL  TKut  ii  'W:  *xMiaa!j  tv  fsrzM^i*;^, 
itch  timet,  ti«  limjv*:  iMMr  mtvf*  *.  **/uiur*aiiv^  hiSi*uf  vff. 
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•specially  in  gold  and  silver.  Tliis  is  mainly  due  to  the  iaai«hd 
Taliie  of  Uboor,  and  to  the  exh:i\istion  of  some  of  iUk  umc  »yj\, 
wocked  depoats. 


THE  AUSTRALASIAN  COLONIES. 
Victoria. 

Tbe  chief  metallic  product  of  the  colony  of  Victoria  i*  goU.lm 
boCk  tiiiaad  eopper  ores  are  succestsfuliy  mined,  while  ore<  oflt 
— ^imftny.  and  ilv>iL,  likewise  occur  in  considerable  abundnncc. 

Gold. — The  gold  of  Victoria  is  derived  from  three  distiwt 
aourcua,  ounely,  from  recent  alliivinm  ;  from  deep  leads  chieiijaf 
TeHiaiyage;  nad  fivm  quartz  veins.   The  deposits  belonging  to  tl»  ' 
fint  dass  require  no  detailed  description,  and  consist  of  renni 
drifla,  and  sorCkco  accumulations  actuivlly  in  course  of  fonimUuni 

The  older  deposits  comprehend  drifts  of  Fieistoceoe,  Flicceot, 
and  pcobably  alao  of  Miocene  age,  but  of  tfiesc  the  sec<>uil  fl^etll^ 
iBoet  naraervMU  and  productive.  Pleistocene  deposits  generiilljrnnii 
the  allarial  flats  vbich  are  fount!  more  or  less  constantlTin  i!l 
Uie  vaUeys  of  tbe  gold  regions,  and  through  XNhich  the  ^Ximudi 
the  present  day  have  worn  tlicir  channels.  They  are  compad 
of  giaveh,  aaads,  cUy^  and  loams  varying  in  their  order  of  room- 
aion,  and  of  which  the  composition  differs  in  accordance  vitkllM 
nature  of  the  rvjcks  fnim  which  I  hoy  have  been  «ierive<i. 

l*h«  deeper  drifts,  chiefly  of  Pliocene  age,  have,  in  maD;i>*| 
stance*,  been  protectee!  from  the  action  of  denudation  by»  thitil 
covering  of  basalt.  This  forms  a  prominent  feature  of  raujaf  j 
the  older  leads  throughout  the  colony,  as  exemplified  in  the  ( 
of  the  Durham  Leiui  near  Ballanit,  where  the  lava  has  floTe<lil>i«ii| 
the  course  of  an  ancient  valley  and  covered  a  river-bed  and  il»j 
lu-cumnlated  sands  and  gravels  to  a  depth  of  nearly  300  fe«t, 

Although  a  very  large  proportion  of  these  old  river  accmnaW 
tions  are  of  Tertiary  age,  there  would  appear  to  be  otlters  RtiU  oUvfl 
even  dating  from  the  Carboniferous  period. 

The  quartz  reefs  of  the  colony  are,  for  the  most  part,  enclosed  i 
Silurian   rocks,  which   they  frequently  traverse  parallel  to  tbarJ 
bedding,  while  in  other  cases  they  intersect  them  independeDtlf  1 

'  Mneh  vnlimJilr  informntion  rcltlivc  In  tlip  nortinrncf  nf  prtjcl  in  this  colo(i;tej 
bwn  derived  from  Mr  II.  Bnmgh  Smyth's  "Gold  ¥Md»  and  Minoi-al  Disuicti4] 
ViL'torin."  Mclbottnic,  1*89, 
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of  their  stratification,  and  thus  become  true  lodes,  Gold  is  not  only 
found  in  veins  traversing  granite  and  diorite,  but  ig  also  some- 
times disseminated  throughout  the  rocks  themselves.  It  likewise 
occurs  in  sandstones,  and  lietween  the  bedding  planes  of  Silurian, 
Devonian,  and  other  rocks.  In  veins  it  is  often  associated  vdih 
iron  pyrites,  galena,  and  other  metallic  sulphides,  as  well  as  with 
the  oxides  of  iron  and  manganese,  together  with  calcite,  chalybite, 
carbonate  of  manganese,  and  bitter  spar ;  and,  more  rarely,  heavy 
spar.  Pieces  of  fossil  wood  found  in  the  deeper  diggings,  as  well 
as  fragments  of  mine  timbers  from  some  of  the  older  workings 
in  deposits  of  this  class,  have,  under  the  microscope,  exhibited, 
distributed  throughout  their  mass,  pawticles  of  gold  associated 
with  iron  pyrites. 

The  princijial  mining  districts  of  Victoria  are  Ballarat,  Beech- 
worth,  Sandhurst,  Maryborough, Castleraaiue,  Ararat,  and  Gipp.sland. 
In  the  early  days  of  gold  mining  in  Austraha,  prior  to  the 
discovery  of  deep  leads,  and  before  the  working  of  quartz  reefs 
was  begun,  the  miner  was  content  to  wash  the  sands  brought 
down  by  rivulets,  the  soil  lying  on  the  slopes  of  hills,  or  gold-bearing 
strata  accumulated  in  valleys.  From  these  sources  has  been  de- 
rived a  by  no  means  inconsiderable  proportion  of  the  gold  produced 
in  Victoria. 

The  principal  gold-fields  of  the  mining  district  of  Ballarat  sure 
Ballarat,  Buniuyong,  Cresvvick,  Clunes,  Smythesdale,  Blackwood, 
Stejglitz,  and  Gordon ;  at  all  which  places  rich  surface  gravels 
and  shallow  deposits  have  been  found.  The  shallow  diggings  at 
BunJnyong  and  Smythesdale,  like  those  of  Ballarat,  were  once 
remarkable  for  the  wealth  obtained  from  shallow  gullies  and  from 
the  surface  of  the  hills.  At  Creawick  the  shallow  alluvium  was 
in  many  places  very  rich,  and  shortly  after  the  field  was  first  opened 
a  party  of  miners  took  145  oz.  of  gold  from  the  bottom  of  their 
shaft;  and  where  a  rich  patch  was  struck  it  was  by  no  means 
uncommon  to  see  12  oz.  washed  out  of  one  tubful  of  dirt.  The 
Blackwood  gold-fields  are  situated  on  the  upper  tributaries  of 
the  Lerderderg  River,  which  have  cut  deeply  into  the  schista 
forming  their  beds.  This  gold-field  offered  pecuUar  facilities  to 
miners  with  limited  capital,  inasmuch  as  no  deep  sinking  was 
required,  nor  was  any  machinery  for  lifting  water  necessary,  since 
there  is  in  every  part  an  ample  fall  for  the  drainage.  The  Steiglitz 
gold-field  is  situat.ed  on  the  upper  waters  of  Sutherland's  Creek,  a 
tributary  of  the  Moorabool  River.  When  these  diggings  were  first 
opened,  about  the  year  1855,  one  miner,  assisted  by  a  boy,  is  said 
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to  have  collecttxl  gold  to  the  value  of  £100  in  ooe  mouth,  sod 
uuggcti  of  ten  ounces  and  above  were  sometimes  met  with.     Q' 
is  found   in  every  part  of  the  Ballarat  district  where  Pi 
rocks  come  to  the  surface. 

The  principal  mining  localities  of  the  district  of  Boecfawortli 
lire  Heochwurth,  Yackandandah,  Chiltren,  Wahgunyah,  the  Upper 
OvfiH8,  Morso's  Creek,  Oraeo,  Wood's  Point,  Maindample,  Alexandn^ 
and  Ghin  Ghin.  This  is  an  interesting  district,  since  it  not  only  c<: 
tains  sliftlluw  idluvitim,  deep  leads,  and  rich  quarts  veins,  but 
yinlds  stream  tin,  and  various  other  minerals,  including,  ocoasionaJlj, 
tliu  diutnond.  The  Beeohworth  and  Yackandandah  gold-fields  li 
within  a  network  of  ranges  some  twenty  miles  south  of  the  ri 
Miiiniy,  and  comprehend  many  tributaries  of  Kiewa  Creek 
ihc  Ovens  River.  In  some  placea  masses  of  granite  protTU 
above  the  surface,  and  the  detritus  of  sedimentary  strata  appc- 
to  have  boon  luft  iu  bapin-like  depressions  in  the  granite.  Tin  oi 
is  found  in  many  places,  and  in  Seq)entine  Creek  the  black  aai 
which  is  in  the  proportion  of  a  pound  to  a  panful  of  dirt,  yie 
gold  nt  the  rate  of  two  ounces  per  ton.  The  Ovens  Rivor 
everywhere  auriferous;  the  bod-rock  is  generally  very  uneven' 
and  consists  of  soft  yellow  sandstone  interstratified  with  bard 
blue  slates.  Id  the  Morse's  Creek  gold-field  some  very  ridi 
claims  have  been  worked.  One,  taken  up  by  a  company  of 
men,  yioldwl  f«»r  some  time  from  60  to  150  oz.  of  gold  per  week 
and  near  HarrictviUe  the  miners  found  gold  in  the  ranges 
heights  varj'ing  from  40  to  100  feet  above  the  level  of  the  8tnat» 
The  Wood's  Point  gold-field  lies  on  the  northern  slopes  of  the 
great  dividing  range  which  separates  the  Gippslaod  waten  from 
those  of  the  Murray  district.  The  formation  is  schistose,  and  the 
rocks,  which  are  usually  of  Upper  Silurian  age,  are  retnaricahle  (or 
being  travened  by  eruptive  dykes  and  metalliferoos  v«i]i&  Some- 
times, although  rarely,  the  gold  Ues  either  in  a  thin  layer  of  aaod 
or  pipeclay,  or  directly  on  the  surface  of  the  bed-rock.  More 
frequently,  however,  it  is  met  with  in  ihe  crevioes  c^  the  rock  ttael^ 
whidt  near  the  surface  is  ofVen  more  or  less  deoompoaed,  and  is 
broken  up  by  the  miner  to  a  depth  of  from  30  iiM^es  is  S  freL 
OoKl  is  also  found  in  pot-holes ;  and  where  tkese  cavities  oeesi; 
tke  bod-rock  is  usually  eittier  a  hard  sdiist  or  a  somewhat 
posed  granite.  Wbek  the  gold  is  foaad  either  <m  the 
the  bed-rock,  or  is  embedded  in  pipeclay,  the  coane  of  the 
ttsuallr  across  the  strike  of  the  mcks.  and  the  piU.  vith 
Urn  mad.  is  oM^  <■  a  Lard  har. 
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Fig.  79,  from  The  Oold  Fields  and  Mineral  Districts  of  Victoria,  in 
Avhich  a  is  the  surface  of  the  water,  h,  wash  composed  of  large 
disc-shaped  slate  pebbles  with  quartz  and  a  little  gold,  e,  bed-rock 
slate,  and  d,  gold  associated  with  sand.  In  some  cases  the  gold 
accumulates  on  one  side  of  a  creek,  as  shown  in  Fig.  80,  in  which 
a  is  the  sloping  bed-rock  of  slate,  h,  gold  in  pipeclay,  and  c 
iinary  wash  consisting  of  slaty  pebbles  with  fragments  of  quartz 
id  a  little   gold.     The  depth  of  the  wash  passed  through   the 


Tia,  T>.  — Auriferoun  River-btd;  longitadlnal  lectioa. 


washing  sluices  varies  in  diSerent  localities,  and  is,  to  a  considerable 
extent,  regulated  by  the  facilities  which  may  be  at  the  command  of 
the  miner.  Sometimes  the  whole  of  the  drift,  and  two  feet  of  the 
bed-rock,  is  passed  through  the  wasliing  apparatus,  but  the  gold  is 
chiefly  obtained  either  from  the  surface  of  the  bed-rock,  or  from 
joints  in  the  rock  itself. 

In  the  district  of  Sandhurst,  the  most  important  mining 
localities  are  Sandhurst,  Huntly,  Sebastian,  Haywood,  Kamarooka, 
Myers  Creek,   Bullock  Creek,  Mclvor,  Duck  Ponds,  Eedcastle 


Fio.  80.— Aurif«ron>  IUr*r-t>cd  ;  timnsrane  iccUon. 


Rushworth,  Whroo,  Kilmore,  Reedy  Creek,  King  Parrot  Creek, 
and  Yea.  Tlie  gold-fields  of  Sandhurst  are  situated  on  the  upper 
part  of  the  Bendigo  Creek,  which,  for  a  distance  of  sixteen  miles, 
runs  nearly  due  north,  its  basin  being  bounded  on  the  east  and  west 
by  low  schistose  hills  running  north  and  south.  Those  throw  off 
numerous  spurs,  some  of  which  are  nearly  at  right  angles  to  the 
principal  range,  while  others  are  approximately  parallel.  Although 
now  more  remarkable  for  the  large  yield  of  gold  obtained  from  its 

G  G   2 


452 


ORE  DEPOSITS, 


[piaii 


quartz  veuM  th&n  for  the  vmlue  of  its  alluvial  depoats,  Beodii 
at  one  time  attracted  thousands  of  miner}  to  its  shallow  di 
and  many  tons  of  gold  have  been  obtained  from  these  d€ 
The  area  of  thb  gold-fieM  is  about  sixteen  sqaare  miles,  nearlj 
fourth  of  which  is  covered  by  alluvium.     Tertiary  drifts  also 
at   Bendigo.    The   other    gold-fields   of   the   Sandhurst 
require  no  special  nodoe. 

The  tnining  district  of  Maryborough  comprehends  the  gold* 
fields  of  Marybofoagh,  Amherst,  Majorca,  Talbot,  Avoca,  LamploagK 
Amphitheatre,  Mountain  Hut,  Peter's,  St  Amand,  Moonambel 
Red-Bank,  Bet-Bet  and  several  others.  The  Daisr-Flat  Lead  it 
Amherst,  which  is  about  seven  miles  in  length  and  at  one  point 
nearly  a  mile  in  width,  had  in  its  neighbourhood  very  rich  patches 
of  diallow  alluvium,  derived  from  a  series  of  parallel  qoartx  veins 
lyii^  to  the  south-wesl.  Black  Creek,  which  is  a  tributary  of  Deep 
Creek,  has  been  remarkable  for  its  numerous  shallow  aUuviums; 
and  the  aggregate  length  of  all  its  gullies  and  flats  may  he  t^keii 
at  nearly  twenty  miles.  The  Amphitheatre  and  Mountain  Hut 
Diggings  are  on  the  sources  of  the  Avoca  River,  and  lie  immediatelr 
north  of  a  basin  having  the  western  spur  of  the  great  dividing 
range  for  its  southern  rim.  This  basin  is  composed  of  granite,  and 
the  dividing  ranges  follow  very  closely  the  boundaries  of  the 
formations.  At  Lamplough  the  rich  ground  occurred  in  patches,  I 
and  in  one  case  108  oz.  of  gold  were  here  obtained  firem  fire  | 
loads  of  wash-dirt.  The  St.  Amaud  gold-field  is  not  less  remark- 
able for  its  steady  yield  of  gold  than  for  the  silver  found  in  veioM^ 
in  the  neighbourhood.  Id  tliis  district  the  operations  of  t]|^^ 
miner  are  frequently  impeded  from  want  of  the  water  necessary  fur 
washing  the  auriferous  dirt. 

The  Castlemaine  mining   district  includes  the  gold-fields  of 
Castlemaine,  Fryers'  Creek,  Taradale,  Yandoit,  Hepburn,  Day 
ford.  Blue  Mountain,  Malmsbury,  Anderson's  Creek,  and  the  Up; 
Yarra.     The  greater  portion  of  the  gold-field  of  Castlemaine 
occupied  by  ranges  composed  of  sandstones,  mtidstones,  and  slai 
which  are  probably  of  Silurian  age.     These  rocks  are  usnallv 
much  altered  excepting  in  the  immediate  vicinity  of  the 
where  hard  fissile  slates  make  tlieir  appearance.     The  strata  are 
everywhere  intersected  by  veins  of  auriferous  quartz,  and  all  the 
creeks   and   gullies  are   ^\led   with  recent  alluvium,  varying  in 


tljiekrieri.s  fnim  a  few  ixd 
Hill  there  werf  "     "     "*" 
sides  varyin- 
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fifteen  feet  to  the  dip.  Here  a  party  of  miners  took  from  their 
claim  gold  to  the  value  of  £30,000,  and  another  found  600  oz.  in 
one  pocket;  the  average  yield  was  about  12  oz.  to  the  tub. 
Patclies  of  the  older  drifts  occur  in  many  places  in  Fryers'  Creek, 
but  their  continuity  has  been  destroyed  by  denudation.  The 
shallow  diggings  in  this  plnce  were  once  exceedingly  rich. 

The  princii>al  gold-tields  of  the  Ararat  district  are  Ararat, 
Armstrong's,  Great  Western,  Pleasant  Creek,  Moyston,  Barkly,  and 
Beaufort.  The  greater  portion  of  this  district  is  occupied  by 
basalt  and  lavas,  but  west  of  Wickliffe  there  is  one  isolated  patch 
of  the  older  Palaaozoic  rocks  traversed  by  quartz  reefs.  A  large  tract 
towards  the  north  is  occupied  by  Upper  or  Middle  P£daeozoic  rocks, 
with  an  exposure  of  granite  east  of  the  Victoria  range.  Still 
further  westward  a  large  mass  of  granite  rises  from  the  centre  of 
an  area  of  gneiss  and  mica  schists;  but  no  gold  apjiears  to  have 
been  found  within  this  area.  The  gold-fields  of  Ararat  proper  are 
situated  on  the  eastern  slopes  of  the  Mount  Ararat  Range,  which  is 
a  small  spur  of  the  Coast  Range. 

Among  the  many  mining  localitios  of  the  Gippsland  mining 
dbtrict  are  Jericho,  Donnelly's  Creek,  Stringer's  Cre^k,  Fulton's 
Creek,  Hawthorn  Creek,  Red  Hil!  Diggings,  Crossover,  &c.,  in- 
cluding the  Wonnongnttu,  Wentworth,  and  other  rivers  with  their 
numerous  tributaries.  Shallow  alluvium  containing  gold  occurs  on 
all  the  tributaries  of  the  La  Trobe,  whose  sources  lie  in  ranges 
compose<I  of  Paleozoic  mudstonea  and  shales,  among  which 
numerous  small  gullies  and  watercourses  have  at  various  times 
given  employment  to  small  parties  of  miners. 

Although  the  precise  horizon  of  the  auriferous  Tertiaries  of 
"Victoria  have  not,  in  all  cases,  been  determined  with  exactitude, 
it  is  notwithstanding  believed  that  those  hitherto  examined  have 
not  often  been  of  Pre-Pliocene  age.  It  is  also  a  generally  received 
opinion  that  no  organisms  of  marine  origin  have  as  yet  been  found 
associated  with  any  of  the  gold-drifts  of  the  colony,  and  although  it 
has  been  affirmed  that  marine  fossils  have  been  met  with  in  some 
of  the  deep  leads  at  Creswick,  the  statement  appears  to  require 
confirmation.  Generally  sjxjaking,  deep  leads  are  so  covered  by 
thick  deposits  of  saixd  and  other  detrital  matter  that  it  is  rarely 
possible,  from  surface  indications  only,  to  determine  with  any  degree 
of  certainty  either  their  true  position  or  their  approximate  extent. 
This  diflGculty  is  materially  increased  where  dejxisits  of  this  class, 
as  is  frequently  the  case,  have  l>ecome  covered  by  flows  of 
lava.     It  is  true  that  leads  of  this  kind  usually  run  nearly  parallel 
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to  the  general  direction  of  the  existing  streams,  but  minor  de 
tions  from  such  a  course  are  nevertheless  numerous.     Their  d< 
from  the  surface  is  often  considerable,  and  the  cost  of 
great.    It  likewise  frequently  happens  that  a  lead  which  has  1 
rich  for  a  considerable  distance  suddenly  widens  and  becomes  ui 
profitable  to  the  miner,  so  tJiat  the  work  of  prospecting  is 
costly  and  uncertain. 

When,  as  at  Ballarat,  a  lead  is  covered  by  a  capping  of 
its  course    can    only    be    determined    accurately    by    expeoa* 
underground  workings,  or  approximately  by  bore-holea.      In 
deep  workings  at  Ballarat,  as  well  as  in  various  other  gold- 
large  trees  are  often  discovered  in  the  black  clays  overlying  the 
wash-dirt.     Excepting  on  their  outer  surfaces,  the  texture  of  thw* 
trees  is  scarcely  altered,  and  they  are  often  so  well  preserved  as  ici 
admit  of  being  readily  carved  or  made  up  into  fumituTB,    The 
carbonized  appearance  of  the  outside  of  such  trees,  is  probably 
due   to   changes  effected  by  the  forces  which   gradually  conver 
forests  into  coal-seams.     As  a  means  of  conveying  a  distinct  ide 
of  the  nature  of  the  ground  passed   through  in  deep 
the   following   epitome  of   an  account  of  the    workings  of 
Great   North-West    Company   at  Ballarat   may   not  be  wilhoulj 
interest.^ 

The  surface  soil  was  thin,  consisting  of  a  few  inches  of  duk 
mould  covering  a  stratum  of  sandy  loam,  at  the  base  of  which  wentj 
found  numerous  pebbles  of  brown  iron  ore.  Between  this  and 
first  layer  of  basalt  was  a  bed  of  yellow  sand,  varying  in  thic 
from  a  few  inches  to  two  feet.  The  first  basalt,  which  in  flonMn 
places  cropped  out  at  the  surface,  waa  found  to  be  35  fwt 
in  thickness,  and  between  this  and  the  second  flow  of  the  same 
rock  there  was  11  feet  of  red  clay,  intersected  by  numerousj 
vertical  cracks,  and  containing  neither  fragments  of  quartz  nc^l 
vegetable  remains.  The  second  layer  of  basalt  was  144  feot  in 
thickness  and  was  usually  compact,  but  somewhat  cavernous 
towards  the  top.  In  sinking  the  shaft,  water  in  considerable 
quantities  was  first  encountered  at  the  top  of  this  rock,  and  when 
the  pumping  machinery  was  stopped  it  rose  to  a  height  of  11 
feet  above  this  level  Coloured  clays,  28  feet  in  thicknees, 
containing  lignite  and  occasional  fragments  of  quartz,  were  found 
beneath  the  second  basalt ;  immediately  beneath  which  the  clay 
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B«Di6atlk  the  thifd  laaah  wae  a  layer  of  clay  about  eleven  feet 

wliich  at  top  seemed  to  be  eovned  with  ashes,  and  on  thin 

wen  found  tbe  lemaina  of  a  laige  tree.     The  trunk  hat) 

ke  skppearaoce  of  having  been  bamt  off,  while  tbe  upper  parta  bad 

»tzie  carboaiaftd.  and,  when  broken,  exhibited  a  glossy  fracture 

ce  that  of  diarooal  or  coal.     The  roots,  which  were  traced  down- 

rds  into  the  cby,  showed  no  indication  of  the  effects  of  fire, 

f^a  tbe   smaUest  rootlets  being  in  a  state  of    remarkable  pre* 

ya.     This  clay,   excepting  quite   at  the  top  and  towardB 

le  bottom,  was  of    a   light  greenish  colour,  and  was    traversed 

nearly    perpendicular    fissures    apparently     resulting     from 

^ntraction. 

The  fourth  layer  of  basaltic  rock  was  stnick  at  a  depth  of 

^84  feet,  and   at  the  date  at  which  the  description  was  written 

|iad    been    sunk    in    to    a   depth    of   27    feet.      The    schistoBo 

"bed-rock,  ■which    had    been  reached   by  boring,   was  found    at  a 

depth    of   355    feet    from    the   surface,  .  thus   showing    that    the 

jshaft  had  still  to  be  sunk   through   a  further  thickueM  of  21 

[feet   of  basalt   and    through    23   feet  of  clay   and   gravel     The 

.water   pumped    from  deep  workings  is  usually  brackish,  and  ia 

Isometimes  even  decidedly  salt. 

At  Creswick  a  large  tree  was  found  embedded  in  black  claj  at 
I  a  depth  of  130  feet  from  the  surface.  In  tln-se  workings  the 
[following  section  was  exposed,  namely  : — 

F«tt. 

Basalt 100 

Sand  and  gravel   .  .19 

Stiff  black  clay 6 

Blafk  drift  with  fo.s*il  tree 6 


Total . 


130 


Tbe  leaves  and  trunks  of  tree*,  as  irell  m  hed«  of  ^gtitg, 
are  of  common  occurrence  in  tbe  majoritj  of  thm  deeper  dmfito  at 
Australia,  but  they  do  not  appear  to  bare  been  m  JH  rtadiwl  milk 
the  amount  of  attention  which  ooold  be  dceifwt.  Sen*  IcMW 
found  several  years  since  in  tbe  gold  drifts  hmtw^h  thti  \miilM 
capping  of  Table   Hoontain  ia  CalifefWi^  v«f«  mljU'itt»f4    U/ 
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Dr.  Newbeny,  wlio  described  them  as  closely  resembling  fp^ei«^  ■ 
found  in  the  later  Tertiaaies  of  Europe.*  I 

In  the  neighbourhootl  of  Ballarat,  as  well  as  in  varions  otlio  I 
regions  in  Victoria,  the  Palasozoic  rocks  havo  been  subjected  Ui  I 
extensive  erosion  by  the  action  of  forces  which  have  at  the  same  J 
time  effected  the  disintegration  of  the  original  outcrops  of  I^H 
quartz  reefs  j  and  these,  having  undergone  a  natural  procetfl^B 
grinding  and  washing,  have  given  rise  to  the  formation  of  cirifts  I 
containing  a  much  larger  proportion  of  gold  than  did  the  Mm  I 
from  which  they  were  originally  derived.  When,  therefore,  I 
quartz  reefs  are  intei"sected  by  auriferous  leads  the  wash-dirt  u  I 
usually,  for  some  distance  below  the  point  of  their  intenection,  I 
much  richer  than  elsewhere.  I 

The  Duke  of  Cornwall  Company  reached  the  gutter,  as  tiie  I 
deeper  part  of  a  lead  is  usually  called,  at  a  depth  of  26'3  f«t  I 
6  inches  from  the  surface,  where  it  was  from  60  to  lOO  ffrt  I 
in  width ;  the  thickness  of  the  wash-dirt  was  about  4  feet,  sod  I 
from  about  3,200  cubic  feet  of  stuff  5,000  oz.  of  gold  wen  I 
obtained.  I 

The  section  of  their  shaft  is  thus  given : —  I 

^                                                                                      Ft.  1 

^M  Basaltic  rock,  including  surface  soil    ...    35     0  I 

H  Red  clay 70  I 

H  Basaltic  rock                                              .    .  113     6  I 

^B  Grey  clay  ...                                     ...90  I 

^m  Drift,  gravel,  and  sand 6     0  I 

H  Basaltic  rock 89     0  1 

H  Wush-dirt 40  1 

f  Total  depth  to  bed-rock  ....  263     6  I 

At  Oastlemaine  and  Bendigo,  where  extensive  denudation  W  1 
taken  place,  deposits  which  are  the  analogues  of  the  deep  I 
leads  of  Ballarat  stand  out  on  the  surface  in  the  form  of  boaaea.1 
These  have  frequently  l>een  cut  through  by  recent  streams,  and  irn 
such  cases  the  drift  in  their  beds  consists  partially  of  the  d<bri»  o9 
these  oilier  deposit.?,  and  in  part  of  fragments  of  adjoining  quartz-* 
bearing  strata.  lu  fact,  drifts  of  three  or  four  different  ages  iiinn 
sometimes  be  observed  in  tbe  bed  of  the  same  stream.  I 

It  would  be  impossible  to  eauraerate  the  results  obtained  hjr 
any  hu-ge  number  of  undertakings  worked  upon  deep  leads,  but  in 
order  to  convey  some  idea  of  their  former  richness  in  the  viciniqj 

^H^  '  "  flcological  StuTpy  of  California,"  p.  250.  ■ 
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of  Ballarat  the  following  examples  may  be  cited.  At  Gum-Tree 
Flat  a  party  of  six  men  took  out  1,344  oz.  of  gold  in  ten  weeks, 
and  at  the  same  place  another  party  obt<uned  gold  to  the  value  of 
X24,(.>00  ill  four  months.  A  third  party,  of  eight  men,  got  £20,001) 
in  live  moutiis.  According  to  Mr.  Wood,  who  furnished  Mr.  R, 
Brough  Suiyth  with  a  comprehensive  statement  relative  to  the 
operations  of"  some  of  tlie  more  iiaportaut  mining  companies 
then  working  at  Ballarat,  forty-two  of  them  haJ,  previous  to  the 
year  1869,  yielded  gold  of  the  aggregate  value  of  £4,30o,563. 

Mr.  Brough  Smyth  states  that  he  had  taken  considerable  pains 
to  collect  authentic  information  with  regard  to  drifts  believed  to 
be  of  Miocene  age,  and  not  supposed  to  contain  gold  in  sufficient 
quantities  to  repay  the  miner  for  its  extraction.  Among  other  facta 
tearing  upon  this  subject,  attention  is  called  to  the  circumstance 
that  in  sinking  the  prospecting  shaft  of  the  Golden  Rivers  Company, 
after  passing  through  a  drift  containing  well-rounded  quartz 
pebbles  associated  with  large  quantities  of  iron  pyrites,  the  miners 
struck  a  seam  of  black  clay  enclosing  fossil  trees  with  a  little  fine 
gold,  and  beneath  this  was  a  thick  stratum  of  sandy  clay  with  small 
fragments  of  fossil  wood.  On  the  bed-rock,  composed  of  a  hard 
yellow  sandstone,  gold  was  obtained  from  every  sample  washed ; 
and  further  exploration  sliowed  tliat  gold  was  present  ivherever  the 
sandstone  was  laid  bare,  although  not  in  sufficient  quantity  to  pay 
for  working.  The  flow  of  the  ancient  channel  appears  to  be  north- 
east, and  the  drift  therein  deposited  is  probably  of  Miocene  age. 

ilr.  Selwyn  gives  the  following  section  of  the  stiata  near 
Golden  Rivers.* 

1.  Upper  basalt,  twenty-five  to  thirty  feet. 

2.  Pliocene  gravel,  about  fifty  to  sixty  feet. 

3.  Miocene  gravel,  &c  ("  false  bottom  "  of  miners)  gravel,  sand, 
clay,  and  boulders,  with  fossil  leaves  and  wood,  about  400  feet. 

4.  Silurian  slates,  &c. 

In  a  claim  at  Wombat  ffill,  Daylesford,  a  pipe  or  dyke  of  basalt 
•was  met  with  which  caused  the  miners  considerable  trouble  and 
expanse.  Believing  it  to  form  a  portion  of  a  basaltic  capping  of 
the  ordinary  character,  they  sunk  a  winze  upon  it  from  the  floor 
of  their  tunnel  to  a  depth  of  170  feet  without  finding  any  bottom, 
but  subsequently  they  drove  through  it  and  discovered  the  gutter 
on  the  other  side.  This  dyke  (Fig.  81),  after  R.  Brough  Smyth, 
is  about  fifty  feet  in  width,  and  the  thickness  of  the  overlying 
capping  of  basalt   225   feet.      It  would   appear    that    the   drift 

1  "Notes  on  the  FhjrdcAl  Geography,  Geology,  and  Mineralogy  of  Victoria." 
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id  neighbouring  stratified  rocks  were  but  very  sligLtlj,  if  attD,] 
listurbed  by  the  passage  of  the  dyke  through  them,  which,  uodifi 
the  circumstances,  is  somewhat  remarkable.  The  shafl  dioimj 
in  the  section  was  sunk  to  a  depth  of  1.30  feet,  and  tlie  etnla 
passed  through  consisted  of  surface  soil,  10  feet;  basalt,  80  fed;] 
and  Silurian  schist,  40  feet.  The  miners  then  drove  890  feeC  f 
east,  and  there  encountered  the  basaltic  dyke,  which  coaanj 
in  a  8outh-ea.sterly  direction.  They  afterwards  sank  170  feet,bl>{ 
lowing  the  western  limit  of  the  basalt ;  but,  finding  it  continaoi^  [ 
extended  the  original  south-erustorly  level,  and  found  the  leuj 
on  the  other  side,  which  abruptly  terminated  at  the  edge  of  I 
dyke. 


Fio.  Sl.-SecUou  *t  Wombat  UUl.  DaylealbfiL 


In  all  the  gold-fields  of  Victoria  a  stratum  of  femiginous  eaa- 
glomerate,    composed   of    rounded    pebbles    of     quartz,    angnbr 
fragments  of  the  same  rock,  and  small  pieces  of  schist,  is  oco- 
sionally  found   overlying  the  bed-rock.     This   it    in  some  pltm 
touches,  while  in  other  places  it  may  be  situated  from  a  few  indiH 
to  several  feet  above  it.     At  Sandhurst,  Maryborough,  Castlemaxne, 
in  some  parts  of  the  Beechworth  district,  and  at  Ararat,  the  cement 
has  been  highly  auriferous;  but  its  hardness  prevents  the  reaii; 
separation  of  its  gold  by  the  ordinary  process  of  sluicing  and  washing. 
In  fact,  in  some  places  it  is  so  hard  that  blasting  has  to  be  resorted 
to.     At  Ballarat  the  cement,  which  varies  from  two  to  eight  feet  in 
thickness,  occurs  as  a  djirk  brown  mass,  consisting  of  a  mixture  d 
pebbles  and  quartz  boulders,  united  by  a  cement  strongly  colourei 
by  hydrated  ferric  oxide.     The  hardness  of  auriferous  cement  often 
renders  it  necessary  that  it  should  be  sent  to  the  stamping  miH, 
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where  it  is  treate<l  like  ordinary  gold  quartz.  At  Sandhurst  cement 
occurs  in  the  shallow  alluviunn  as  well  as  in  the  deep  leads,  and  was 
in  some  places  very  rich.  The  gold  embedded  in  it  i.s  in  the  fonn  ot" 
grains,  scales,  and  small  nuggets.  In  some  places  these  conglome- 
rates have  averaged  as  much  as  12  oz.  of  gold  to  the  ton.  As  might 
be  anticipated,  the  distribution  of  the  gold  is  exceedingly  irregular, 
and  at  one  pkce  in  the  Ararat  district  a  parcel  of  20  tons  of  cement 
yielded  nearly  360  oz.  Some  of  theso  conglomerates,  as  well  as 
the  ordinary  auriferous  drifts  of  Victoria,  contain  pebbles  and 
imperfectly  rounded  grains  of  cassiterite. 

Among  the  unusually  large  nuggets  which  have  at  various 
times  been  found  in  this  colony,  the  most  valuable  was  the  "Welcome 
Stranger,"  found  near  DunoUy,  which  weighed  2,280  oz.  and  aflForded 
2,268  oz.  of  gold.  The  next  largest,  the  "  Welcome  Nugget," 
•was  found  at  Ballarat,  at  a  depth  of  180  feet,  in  June  1858 ;  it 
was  much  water-worn,  had  attached  to  it  about  10  lbs.  of  quartz, 
clay  and  oxide  of  iron,  and  contained  2,1G6  oz.  of  gold.  The 
"  Blnnche  Barkly,"  was  found  in  Kingower,  at  a  depth  of  13  feet, 
and  had  attached  to  it  about  2  lbs.  of  quartz,  oxide  of  iron,  &c. 
This  nugget  yielded  1,743  oz.  13  dwt.  of  gold,  of  tho  value  of 
£6,905  lis.  9d.  In  1851  a  nugget  was  found  by  a  native  among 
a  heap  of  quartz  on  the  surl'ace  of  the  ground  at  Meroo  Creek 
on  the  Turon  river.  When  discovered  it  was  in  three  pieces,  which 
together  weighed  about  IJ  cwt.,  and  consisted  of  1,272  oz.  of  gold 
with  nearly  1  cwt.  of  quartz.  Numerous  other  nuggets  yielding 
each  alx^ve  1,000  oz.  of  gold,  besides  almost  innumerable  smaller 
ones,  have  at  dili'erent  periods  been  found  in  Victoria,  and  have 
been  met  with  at  all  depths,  from  the  surface  of  the  ground  to 
the  top  of  the  deepest  bed-rock. 

Numerous  theories  have,  at  diflerent  times,  been  propounded 
to  account  for  the  origin  of  nuggets.  By  one  of  them  it  is  suggested 
that  they  may  have  grown  in  the  sands  and  gravels  in  w  hich  they 
are  found,  and  may  even  yet  be  gradually  getting  larger  through 
the  addition  of  successive  layers  of  gold.  Evidence  of  the  presence 
of  gold  in  the  deep  lead.s  in  a  state  of  solution,  and  of  its  subsequent 
deposition  in  the  metallic  state  within  comparatively  recent  times, 
is  supposed  to  be  afforded  by  the  auriferous  character  of  some  of  the 
pyrites  found  in  the  ancient  drifts  at  Ballarat  and  elsewhere, 
which,  although  .still  retaining  the  form  of  roots  and  branches, 
contains  gold.  Mr.  H.  A.  Thompson  slates  that  a  fine  specimen  of 
crystallized  iron  pyrite."?,  deposited  on  a  piece  of  wood  taken  from 
the  drift  immediately  below  the  basalt  at  Ballarat,  gave  by  assay 
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40  M.  of  fol«l  i>or  ton  ;  and  in  anotber  oat,  m  nhtck  sm  Mg^ . 
fi<aai  the  eentrr  of  uu  old  iree-tniak  wac  — ■j-fdLtfccyii^^j| 
U»e  r»t«  of  aboTe  1  oa.  lU  dwt  of  gold  per  ton. 

Aft  auriAfi**'  discovery  mode  fiome  jeus  ago  kjr  Mt  Ilha^ J 
■■A  aoMM  More  recent  experimeoU  bj  Mr.  WHtiaaB,  v^.  u1 
— ff  w*  to  br  favoumbJo  to  this  b}'potliaB&     Mr.  Oait 
ctrngj  unniimnrt  in  the  fact  that  if  a  speek  ti  fold  he  ymd  a 
'  m  tolBtiaa  of  the  chloriile  of  that  metal,  and  s  fia^Mttcf  rxj^« ' 
eock  bo  abo  iatroducvd,  n  deposit  of  gold  tak«»  plMe  . 

figment  gradually  increaaea   in  hm.    Mr.  Vuaiu 
fwither  prove  that  under  similar  droBHlMsi 
,  chalcoii]rrit«,  mispickel,  galeua,  and  variuas  othaisiMbj 
•a  a  Kwdctts  ou  wliioh  a  dejtosit  of  gold  mav  ukt  ^\ 
tius  H  n  argued   that  the  organic   matter,  m  ihnW  | 
t&  tlie  drift,  mav  be  the  agent  by   which   gold  hu  bm  ir^ 
cipitatod  from  eolution.    Aithuugh  this  very  iugeoious  titsajl 
wuctltT  of  oonaidermtioD,  there  would  appear  to  be  rahoin  f 
rofaktiT*  to  vhi<-fa  further  information    would    be  d««tnlilc,  ■! 
of  the  ogAdttsioiu  would  seem  to  be  ooatr&ry  to  obnd  i 


Isi^  pieoaa  of  goM  have  been  found  in  quartz  vein*,  ud  nj ; 
fber  large  ik«ggels  haTe   been   discovere<l   which  have  net' 
accQUipaftied  by  ft  eousidemble  antouut  of  adhering  ({lutrt;. 
manunn  of  gi^ld  of  considerable  weight  have  been  more  6eqi 
liH<>t    with    in    drifle   than    in    quartz   veins,   would   be 
acrountod  for  by  the  fiwjt  that  the  f<»nner  represent  a  vastly  ( 
man  of  otiginal  auriferous  quartz  than  has  hitherto  beeni 
by  the  miner  directly  from  the  reefti.     In  the  GurilNddi 
SU  Amand  a  mam  of  gold  weighing   300  oz.  was  found 
qoarti  tmh,  and  with  it  \-ariou8  amaller  pieoea  weighing 
aggregate  nearly  4U0  oz. 

The  fact  that  alluvial  gold  is  generally  purer  than  that  i 
obtaineil  frt>ut  quartx  recfii,  baa  also  been  used  as  an 
favour  of  their  having  had  a  different  origin.     It  is,  however, i 
known  that  stream  tin  produces  metal  of  a  superior  quality  (oi 
obtained  dirv>cl.ly  fron»  the  mine,  and  iu  the  same  way  .    ' " 
bos  Ixjen  long  exjHMu>d  to  the  action  of  water  and   om 
duences,  will  grailually  become  freed  from  associated  iuipuritieai 
which  it  WAS  not  combined.  Although  the  purity  of  alluvial  gtJd 
generally  superior  to  that  obtained  from  quartz  veins,  this  B1 
always  the  case,  and  it  must  be  admitted  that  in  the 
processes  for  ti-catiug  gold  quartz,  certain  impurities  wit 
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the  metal  comes  in  contact  raay  become  alloyed  with  it  and 
therehy  reduce  its  purity. 

A  large  proportion  of  the  nuggets  found  occur  in  the  form 
of  pebbles,  consisting  of  a  mixture  of  quartz  an<!  gold,  presenting  a 
continuous  even  surface.  If,  liowever,  in  such  pebbles,  the  weight 
of  gold  had  been  augmented  by  the  deposition  of  successive 
concentric  layeni  of  that  metal,  a  distinct  irregularity  of  the  surface 
might  be  anticipated,  since  a  growth  of  quartz  exactly  equal  to 
that  of  the  gold  could  scarcely  be  expected  to  take  place. 

If  the  gold  of  pincers  had  been  deposited  in  situ  from  solu- 
tions, a  considerable  portion  of  it  would  have  been  crystallized 
and  have  formed  strings  and  sheets  in  the  porous  material 
with  which  it  is  associated;  crystals  with  entuely  unworn  edges 
are,  however,  never  found  among  placer  gold,  and  strings  ami  sheets 
of  that  metal  are  equally  absent. 

With  regard  to  uniformity  of  composition  in  different  parts  of 
the  same  nugget,  Mr.  Foord  states  that  he  has  repeatedly  taken 
samples  of  different  parts  of  large  nuggets  with  a  view  of  ascertain- 
ing the  uniformity  of  their  composition  or  otherwise.  Although 
working  with  very  great  care,  he  had  never  been  able  to  find  a 
difference  in  fineness  greater  than  that  attributable  to  working 
error,  say  one  or  two  parts  in  10,000.  Had,  however,  the  residts  of 
such  experiments  differed  completely  from  those  obtaine<l,  it  would 
not  have  materially  affected  the  question  at  issue ;  since  the 
deposition  of  gold  in  veins  probably  took  place  by  the  a^ldition 
of  successive  layers;  and  it  will  be  rea<lily  understood  that  the 
purity  of  each  may  not  in  all  cases  have  been  exactly  the  same. 

It  not  unfrequently  happens  that  the  qnartzose  veinstone  form- 
ing part  of  a  nugget  exhibits  peculiar  characteristics,  strikingly 
resembling  those  of  some  well-known  quartz  reef  in  the  approxi- 
mate vicinity  of  the  locality  in  which  it  was  found,  and  from  which 
it  would  appear  to  have  been  originally  derived. 

On  the  whole,  the  balance  of  probabihty  is  perhaps,  at  present, 
in  favour  of  the  theory  which  ascribes  the  origin  of  gold  nuggeta 
to  the  action  of  mechanical  farces  upon  the  outcrops  of  veins  of 
auriferous  quartz.  With  regard  to  deep  leads  generally,  it  is 
manifest  that  in  the  majority  of  cases  they  owe  their  preservation 
to  the  protective  influence  of  a  capping  of  volcanic  rock. 

Wherever  vrithin  the  gold-regions  of  Victoria  the  Palaeozoic 
bed-rock  has  been  exposed,  either  by  natural  denudation  by  the 
removal  of  Tertiary  drifts,  or  by  mining  beneath  the  basalt,  it  is 
found  to  enclose  auriferous  reefs.     These,  which  varv  in  width  from 


1  lUUUI 


OEC  DEPOSITS. 


[tmi 


to  l&O  feet,  traTene 
BaliBozoic  foarik. 
of  tt»c«e  veins  is  Qiilk**b^[ 
&nd  breaks  with  a  soe 
ibe  reiD&toae  is  mon' 
the  deoompoaitiun  (tf  i 
Teizis  consist  of 
l£iy  fragmeots  of  \ht  i 
of  pjrrites,  blende,  W  ( 
o#  the   more   productiv*  < 
and  A  thta  film  of  goU  i 
IB  of   adjacent    crjstoli, 
of  soeli  Teina,  but  aUo  i 
tbe  form  either  of 


weet  a  poiot  is  n?ached  tt  t 
where  water  begins  to  be  injubt^ 
illilM  its  l«fi^ ;  among 
Akyra  Uiia  bomoD  tJ]« 
a  oAea  ctaitied  bj  feme  h 
of  ina  ffrites ;  it  wiU  alto 
■  a  ^lieal  ham  produced  by  tbe  deci 
tioa  and  remoml  of  crjBtak  of  pjrrites. 

TVae  boOowvoftea  c»Qta:n  fire*  gold,  liberated  by  the  oiidita 
of  tbe  metattk  lulpbklc,  vLich  u  &tT{[ieDtly  associated  with  ocbw 
ittm  cHbd«  f«9alting>  from  tbe  same  cause.  Cavities  of  tliiiia 
bate,  bowercr,  gometiDoes  becoine  partial tj  obliterated  1^* 
■eqneot  growth  of  quartz  in  the  form  of  small  crystals.  Bdof 
water  line  tbe  metAUie  sulpludes  are  tindccomposcd,  uul  4n 
endoae  a  Iarg«  pn>po(rti0ii  of  the  gold  present  in  tbe  vein.  It 
a  fiagmeat  of  tbi^  rock  coDtaiuing  gold  tbu3  enclogscl  k  isr 
decomposed  pyrites,  be  attacked  by  nitric  acid,  the  metallic  sulpliiii 
is  diflMjlved  and  tbe  gold  becomes  liber&ted.  Above  the  v&terlM 
of  the  dtstrici  a  neuly  analogous  change  bas  taken  place,  tliivi^ 
the  oxidation  of  the  sulphides  and  the  removal  in  salatios  i 
the  resulting  metEdlic  sulph.ate;s. 

Hiere   are,  however,  certain    reefs    which,   although  aliMM 
entirely  composed  of  metallic  sulphides  and  cropping  out  aS  tilt  1 
surface,  appear  to  hare  undergone  but  a  small  amoi"'  ^  ^ — 
position.     The  stability  of  iron  pyrites  and  of  its  ■? 
sulphides  under  circumstances  in  which,  if  occu 
quartz  veins,  they  would  have  been  almost  ent; 
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somewhat  difficult  to  explain  ;  it  must,  however,  be  remembered 
that  in  such  cases  the  proi»rtion  of  sulphides  is  so  large  that  an 
amount  of  decomposition  equal  to  that  which  takes  place  in  an 
ordinary  quartz  vein  would  scarcely  be  observ'able. 

The  quartz  reefs  of  Victoria  sometimes  run  parallel  to  the 
planes  of  bedding  of  the  country  rock,  and  then  lx;long  to  the 
class  of  segregated  veins,  while  at  otiiers  their  course  is  directed 
across  them,  thus  becoming  true  lodes.  In  some  instances  the 
same  vein  may,  during  certain  portions  of  its  coui-se,  follow  the 
direction  and  dij)  of  the  enclosing  strata,  while  at  others  it  may 
cross  the  bedding  nearly  at  right  angles. 

An  example  of  a  vein  of  this  kind,  of  w^hich  Fig.  82  repre- 
sents a  horizontal  section,  occurred  at  Whroo.  This  vein  followed 
the  planes  of  bedding  for  short  distances,  and  afterwards  repeatedly 
struck  across  them  at  a  considerable  angle.     Both  in  this  vein 


Fic.  82. — Qnartx  Vein,  Whroo. 

and  in  a  somewhat  similar  one  iti  the  Caledonia  Diggings,  the 
portions  marked  a  which  cross  the  strata  were  not  only  wider,  but 
also  more  productive  than  those  marked  h  parallel  to  the  bedding, 

In  connection  with  auriferous  leads  the  presence  of  gold  in  slate 
is  by  no  means  an  uncommon  occurrence.  A  remarkable  deposit 
of  auriferous  slate  was  met  with  a  few  years  since  at  Chines,  where, 
for  a  short  distance,  the  vein  fissure  had  not  become  filled  with 
quartz.  The  space  between  the  two  walls  was  however  occupied  by 
rich  auriferous  slate,  the  surfaces  of  which  were  covered  by  a 
thin  film  of  gold.  In  many  cases,  true  veins  crossing  the  planes 
of  the  enclosing  country  rock  throw  oflT,  parallel  to  the  stratifi- 
cation, branches  wiiich  are  sometimes  rich  in  gold. 

Remarkable  formations  of  gold-bearing  quartz,  occurring  in  the 
form  of  nearly  horizontal  deposits,  are  worked  in  some  localities 
I     in  Victoria.  At  the  Morning  Star,  Wood's  Point,  a  dyke  of  "decom- 
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of  more  or  leas  horixoDtal  qiiArts  vctiks  attmted  «ae  1^  i 
other,  and  b»Ting  do  conticctinti.     Forti<ias  of  thgijybin 
qoently  foand  i;rir]o«ed  irithiii  these  veins  in  tbe  §urm  of  b«^ 
Another  rumotltabk  ex&mple  of  the  oocmreacs  vt  irm^i 
horizontal  Smim  w  bmo  si  thu  Wavefky  Mliie  n  tlie  * 

hoorhood,  of  whkli  7%.  8S  wprMwute  m  Umiuvrnm  m 

qnartz  u  here  c^nclosed  in  a  ncarlj  verticail  dyke  of  partiilhu- 
posed  "  greeostooe,"  which  run*  with  the  strike  of  tbe  iJkie  kiU 
tuice  of  a  mile  and  a  half.  It  has  two  well-defined  and  ouiIti 
■late  waU9,ab(iuitlireo  le«t  six  incbMafMut;  and  tbefocfc  < 
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the  dyke,  besides  being  much  deeomjxjsedj  is  traversed  horifflDtslIr 
by  bands  of  quartz  varying  in  thickness  from  one  inch  toimfeit 
Some  of  these  bands  have  yielded  quartz  equal  in  richness  t«  u/ 
ever  found  in  the  diatrict,  and  the  general  average  of  tbe  vMii 
has  been  a  good  one.    A  feature  peculiar  to  all  reefs  of  tliis  desfflp> ' 
tion  is  that,  at  de]>tl]S  varying  from  70  to  200  feet,  an  imilwo- 
posed  crystalline  rock  is  met  with,  which  is  so  hard  as  to pn 
all  further  sinking.     Gold  is  found  in  .small  quartz  veins  whic 
through  this  undecomposed  rock  in  the  same  way  as 
in  tho  decomposed  portions  at  shallower  depths.    ' 
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decomp«)sed  greenstone,  of  the  Waverley  dyke  is  said  to  yield  small 
rubies,  and  is  itsell'  to  some  extent  auriferous.  The  gold  fruiii  this 
locivlity  is  described  as  being  more  tliun  usually  pure. 

Instead  of  occurriug  in  dykes  of  eruptive  rock,  somewhat 
similar  bands  of  auriferous  quurtz  have  been  known  to  traverse, 
in  almost  the  same  manner,  certain  bands  of  slate  tilted  at  a 
high  angle.  An  example  of  this  class  of  furtnation  occurs  in  the 
Bendigo  gold-tield,  where  a  seam  of  graphitic  clay,  sUiudiug  at 
a  high  angle,  follows  the  direction  of  the  usual  bedding  of  the 
slate,  while,  at  a  distance  varying  from  thirty  to  forty  feet  west 
of  it,  there  is  a  band  of  hard  sandstone  closely  resembling  quart- 
jjte.  The  space  between  this  band  of  clay  and  the  sandstone 
is  occupied  by  a  dark  slate,  similarly  bedded,  across  which  lie 
numerous  nearly  horizontal  beds  or  floors  of  quartz.  These  fre- 
quently penetrate  for  a  short  distance  into  the  sandstone,  but  none 
of  them  pass  into  the  clay  fanning  the  eastern,  wall.  Together, 
these  seams  form  a  bjuid  nearly  200  feet  in  depth,  which  in  some 
places  cropa  out  on  the  surface,  and  dips  gradually  towards  the 
north.  Some  of  the  quartz  veins  forming  the  upper  members  of 
this  band  were  exceedingly  rich,  those  near  the  surface  aflbrding 
above  20  oz.  of  gold  per  tun ;  the  yield,  however,  gradually 
decreased  in  depth,  while,  at  the  lowest  point  reached,  the  slate  had 
become  change<l  into  a  hard  compact  rock,  and  the  quartz  was 
comparatively  unproductive. 

Mr.  Thompson  describes  reefs  of  auriferous  quartz  which  he 
calls  "pipe  veins"  ;  the  Achilles  Reef  at  Taradale  being  cited  as  a 
vein  belonging  to  this  class.  This  reef,  which  at  its  outcrop  is 
from  20  to  25  feet  wi<le,  is  45  foet  in  length,  and  has  been  traced 
for  a  considerable  distance  frum  the  surface  without  having  under- 
gone any  material  variation  in  size.  This  "  pipe,"  which  ia  described 
as  being  in  connection  with  a  thin,  neai'ly  vertical  band  of  quartz 
sometimes  carrying  gold,  uiak'rlies  rapidly  towards  the  south, 
and,  although  the  rock  beneath  it  was  sunk  through  for  a  con- 
siderable distance,  no  other  formation  of  a  similar  character  Avas 
uiet  with.  At  the  surface  this  vein  was  exceedingly  rich  through- 
out its  whole  width,  but  as  the  mine  became  deeper  llie  gold 

ually  fell  oS*  in  quantity,  until  at  length  only  a  few  feet  on 
h  side  were  worked,  the  quartz  in  the  middle  being  too  poor 
to  pay  the  cost  of  extraction.  The  richest  quartz  was  obtained 
from  the  foot  wall  of  the  dejjosit.  To  the  east  of  the  vein  is 
a  hard  crystalline  slate,  while  to  the  west  of  it  the  rock  is  m\ich 
softer,  and  there  is  uo   indication   of  the  preseiiee  of  any  other 
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"pipe"  of  quartz  either  to  the  north  or  aonth  of  ita  oatenfi 
The  string  of  quartz  which  oocun  in  ooniiection  with  this  "  pip«'  ii 
described  as  being  little  more  than  a  joints  with  hnuieiieB  dTqnnii 
falling  into  it  at  intervals,  and  foUowing  the  dixection  and  dq»  «f 
the  strata. 

The  veins  of  the  Victorian  gold-fields  axe  roprosented  as  fe- 
qucntly  exhibiting  a  tendency  to  dip  in  the  dyoection  of  thak 
bearing,  and  instances  of  this  pecaliarity  aie  stated  to  oocnr  is 
every  gold-field  of  the  colony.  One  of  the  most  maiked  cases  of 
this  mode  of  occurrence  is  that  of  the  Mariner's  Beef  at  Muj^ 
borough,  which  crops  out  at  the  surface  in  a  low  range,  and,  withii 
1,000  feet  of  horizontal  distance,  dips  some  650  feet  Tertiedlj. 
It  is  not  improbable  that  farther  explorations  may  lead  to  ths 
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iVivUt^tvnt  tluU  A>tue  of  these  so-called  *  pipe  v^ns "  are  merelT 
»;^^i^^ou  Kv»!  eulai^ments  of  asdinarr  quarts  veins,  whidb,  fik» 
<\n:T»''$  v>f  onv  in  all  mining  districts,  have  a  tendency  to  dip  ia 
iho  o.:rw::v4k  vsf  tho  vxmrsv  of  the  vein.  Others  mar  be  found  ts 
K^  ivr:io:i$  ot'  qn.vtx  r«e6  displaced  by  two  nearly  pr^H^^  frohs; 
»:kI  ot  vhix'h  tho  dip  ha$  bi?i?n  mistaken  for  the  str&e.  Soaw  of  the 
nvfji  At  l^tNSksnnt  CiWk.  in  the  Ararat  district,  present  very  SBasnl 
f<vit;:!V:!^  M^ny  of  thesis  hare  been  remazkafate,  not  only  far  Aew 
gvvv;  «\  «-T^ik)^''  yieli  ci  <r;«ld.  bat  ako  for  their  horismtid  hed-&s 
r.i.\:<f  vvf  vvv;;nvnc*v  tisw  exttaos^naiy  faaha,  thei 
tv^sni.-As;.  aik!  th^'ir  detsM^  '  HHaea.    Fig:  84 

a  tnir.$reirfie  sect^  ^«b  Baef  and  ¥lak  BecC 

wV.irti  are  w  ^ewsABna  of 
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K^'f  is  sjiiil   to  be  generally   lainin.at,e»l,  with  a  cnsiug  upon  tlie 
laugiug  wall    varyiog   from    6  to  8  iucLes  in  thickness.     Those 
portions  of  the  veiu  in  which  the  quartz  does  not  occur  in  the  form 
of  successive  laniinse  usually  contain  but  little  gold.    Jli.spickel  and 
i-Ton  pyrites  are  abundant  in  some  parts  of  the  reef,  and  frequently 
occur  in  the  form   of  crystalline   musses   accompanied    by  gold. 
This    was   CBpecially  the  case  at  the  junction   of  the  two  reefa, 
^'here  the  richest  specimens  of  auriferous  quartz  were  obtained, 
t  a  depth  somewhat  above  the  original  water  level  of  the  district. 
The   Flat  Reef  is   composed    of  compact  white   quartz,   without 
ly  sort  of  casing,    tlu-uugh    which    the    gold,    which    is    usually 
<Moxse,  is  very  unequally  distributed.     It  would  appear,  however, 
^  be  chiefly  c-onfined  to  certain  imperfectly  defined  bands  passing 
through    the   reef  in  a   northerly  direction.      In   some  of  these 
auriferous  zones  the  quartz  averaged  7  oz.   of  gold  j>er  ton,  but 
outside  of  them  the  yield  was  usually  not  more  than  S  or  4  dwt, 
per  ton.     Both  the  Cross  and  Flat  Reefs  varied  considerably  in 
thickness ;  the  former  from  3  inches  to  24  feet,    and    the    latter 
from  2  to  8  feet. 

A  section  of  the  Flat  Reef,  given  by  Mr.  R.  Brough  Smyth,  shows 
it  to  extend  for  a  considerable  distance,  and  to  connect  the  Cross 
Beef  with  the  Mariner's  Reef;  no  scale  is,  however,  given,  and  as 
the  description  is  somewhat  general  in  its  character  it  becomes 
difficult  to  clearly  understand  the  exact  mofie  of  occurrence  of 
these  reefs.  Such  deposits  may  probably,  in  some  respects,  resemble 
the  metalliferous  flats  which  in  many  mining  districts  are  associated 
with  mineral  vein.s.  or,  as  has  been  suggested,  their  position  may 
sometimes  be  due  to  a  folding  of  the  strata  subsequently  to  their 
formation. 

The  early  miners,  both  in  Australia  and  in  California,  were 
aeneraliy  impressed  with  the  idea  that  the  outcrops  of  the  quartz 
^mCb  were  more  productive  than  their  deeper  portions,  and  this 
opinion  was,  to  some  extent,  strengthened  by  a  theory  to  the 
same  effect  promvilgated  by  Sir  U.  Murchison.  Consequently, 
as  soon  as  the  quartz  extracted  ceased  to  afford  remunerative 
returns,  the  miners  not  unfrequently  suspended  their  opera- 
tions without  extending  them  to  any  considerable  depth.  The 
experience  of  the  gold-fields  of  Australia,  like  those  of  Cali- 
fornia and  other  gold-producing  countries,  however,  shows  that 
there  is  apparently  no  fear  that  the  reefs  will  cease  to  be 
productive  at  any  depth  to  which  the  miners  are  likely  to  follow 
:hem. 
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It  is,  however,  by  no  meani  remartable  that  die  opinioBafaadd 
bave  got  alnroad  that  quarts  veiits  oBoaUjr  become  imjmveriiheda 
depth.  Metalliferoxu  veins  are  exoeedinj^y  variable  in  their  jield  it 
different  depths,  and  it  will,  therefore,  be  readily  nndentood  Alt 
those  were  first  operated  on  which,  at  the  soi&ce,  showed  evidaeeerf 
being  more  or  less  auriferous.  Such  veins,  after  having  bem  fiiOwNl 
to  a  certain  depth,  may,  therefore,  be  naturally  expected  to 
to  exhibit  signs  of  poverty,  and,  although  sinking  deefper  mig^ 
lead  to  fresh  discoveries,  the  ndners  in  a  country  in  yMA 
capital  is  scarce  and  wages  high,  wiU  finally  tran^Br  thair 
operations  to  other  outcrops  Showing  a  remniMsative  amooil 
of  free  gold. 

Another  cause  of  the  misoMioqption  with  reguA  to  the 
poverty  of  auriferous  veins  in  depth,  arises  frnn  the  fict  thi^  ai 
many  cases,  the  gold  is  chiefly  confined  to  shoeta  of  aorifaiMi 
quartz.  These,  Uke  courses  of  lead  or  oof^Mr  oces,  dip  in  tks 
direction  of  the  course  of  tiw  vein,  while  in  othtf  potticais  of  tie 
lode  the  veinstone  is  oompacativdy  destitute  of  gold.  Wha% 
therefore,  one  of  these  inclined  longitodinal  couises  of  aiuiftwsi 
quarts  had  been  wo^ed  throogh  and  the  shafi  sank  to  a  gieate 
depth,  the  yield  naturally  h^  ott,  and  tiie  Bame  wi 
abandoned.  Sometimes,  however,  in  omseqo^ioe  of  the 
of  adjoiuiug  mines,  or  from  some  other  cause,  the  woridi^  were 
subsequently  continued  in  depth,  and  another  shoot  of  rich  quits 
was  found.  In  this  war  a  knowledge  of  the  mode  of  oocuirenee  of 
such  deposits  has  been  gradually  acquired,  and  at  the  present  tine 
thb  tendency  of  auriferous  qnartz  to  {<xm.  di^onal  dioots  has 
become  fully  revogniied  both  in  Australia  and  Califomn,  when 
some  of  the  deepest  mines  produce,  firom  their  lowest  kvdk 
qnartz  as  rich  in  gold  as  any  obtained  nearer  the  saxfact.  The 
principal  quartz  veins  of  Victoria  occur  in  rocks  of  Lower  Sihaiaa 
age,  but  are  not  exclusively  i\wfined  to  that  fonnatioa.  IWy  wo* 
generally  formed  previous  to  the  de|Neat  of  the  Mcstnosc  sOMa. 
which  rest  unc-~>nformab(y  upm  the  optaraed  ed^es  of  FaiBoaoic 
rocks,  which  ue  everyvheie  penetrated  by  r^as  wfaidi  do  not 
extend  upwards  into  Mesooic  strata.  Tbere  csa  aW  he  little 
doabt  that,  in  at  least  the  majority  of  ease&  the  goU  wi«  deposited 
cmtemporaneoosly  with  the  quartz,  of  which  the  t«^  cUdhr 
consist.  The  granites  of  the  cokay  socaetzmes  ciMMia  pM  m.  ttie 
vicinity  of  their  jonctE'>n  with  the  oeder  sedin^tBT  laeka.  TW 
direction  an-J  dip  of  the  o<  %^  Tielaria  ate 

variable  as  to  aon:::  of  n- 
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Some  specimens  of  quartz  taken  frtmn  a  vein  near  ilarj'borough 
Exhibited  features  of  considerable  interest,  as  they  appear  to 
indicate  that  at  least  some  of  the  quartz  veins  of  this  colony  were 
formed  slowly  and  at  low  temperatures.  Thin  fragments  of  the 
enclosing  slaty  rock  were  found  adhoring  to,  and  enclosed  in,  the 
quartz  of  this  vein,  which  everywhere  presented  an  exact  cast  of  all 
the  irregularities  of  the  adjacent  schist.  This  schist  contained 
numerous  cubical  crystrds  of  iron  pyrites,  and  wherever  a  portion  of 
one  of  these  crystals  was  partially  exposed,  either  ou  the  surface  of 
the  enclosed  fragments  or  on  that  of  the  country  rock,  a  perfect  cast 

Kit  was  found  in  the  adjoining  quartz. 
In  a  paper  read  before  the  CJeological  Society  nf  London  in  April 
72,^  Mr,  Richard  Daintree  drew  attention  to  the  fact  that  the 
riferous  Devonian  districts  of  Queensland  are  entirely  confined 
to  such  as  are  penetrated  by  certain  eruptive  rocks;  princi- 
pally pyritous  dioritea.  In  these  diorites,  and  near  the  point  of 
their  intersection  with  the  Devonian  strata,  veins  of  quartz,  calc- 
spar,  and  iron  pyrites,  had  been  examined  and  found  rich  in  gold, 
while  the  extensions  of  such  veins  at  any  considerable  distance  from 
the  intrusive  rwks  were  found  to  be  barren.  Instances  were  also 
adduced  to  show  that  the  pyrites  sporadically  distributed  through 
the  diorites  was  occasionally  distinctly  auriferous,  and  had,  by  its 
decomposition  and  disintegration,  produced  drifts  containing  gold 
in  paying  quantities. 

In  a  subsequent  communication,*  Mr.  Daintree  states  that  since 
the  date  of  his  first  paper  he  bad  learned  from  Mr.  C.  Wilkinson, 
the  Government  Geologist  of  New  Huuth  Wales,  that  the  same  facts 
hold  good  for  the  New  South  Wales  go]<l-lields  lying  in  Upper 
Silurian  or  Devonian  areas  ;  and  Mr.  G.  H.  F.  Ulrich,  the  Curator 
of  the  Technological  Museum  in  Melbourne,  in  his  catalogue  of  the 
rocks  in  that  institution,  gives  details  which  go  to  show  that  the 
Upper  Silurian  rocks  of  Victoria  owe  their  auriferous  character 
to  tlie  same  cause. 

He  describes  the  diorites  of  Victoria  as  occurring  mostly  as 
dykes,  varying  in  thickness  from  a  few  feet  to  several  hundred, 
traversing  Upper  Silurian  strata  and  presenting  nearly  all  the 
ordinary  varieties  of  structure  and  composition  of  that  rock.  They 
are  nearly  always  impregnated  with  auriferous  pyrites,  and  are  either 

'  "  Notes  on  the  Geology  of  the  Colony  of  Queensland,"  QvaH.  Jow.  QteL  Sec., 
Tol.  xxviU.  1872,  p.  271. 


NotP  on  Certftiu  MoJcaof  Occurrence  of  Gold  in  AuBtnili*.,' 
Soe.,  vol.  XTixir.  1S78,  p.  431. 
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traversed  by  or  associated  with  quartz  veins.  According  to  lb. 
Ulrich,  by  far  the  greater  proportion  of  the  quartz  gold  funiibei 
by  the  gold-fields  occupied  by  Upper  Silurian  rocks,  is  derived  fr* 
dykes  of  diorite.  In  support  of  these  statements  he  meiitkw 
several  important  workings  in  connection  with  dykes  of  thu  Idi^ 
and  especially  notices  that  of  Cohen's  Beef,  which  is  perhaps  tk 
richest  in  the  colony,  and  the  dyke  of  the  Albion  MioiDg  Compaq 
at  Crossover  Creek,  in  North  Gippsland,  which  is  interesting « 
account  of  its  highly  micaceous  character  and  its  influence  ootb 
gold-bearing  character  of  the  associated  quartz  reefs.  These,  vbiii 
traverse  it  nearly  at  right  angles  tp  its  strike,  are  poor  in  the  Upps 
Silurian  rocks  on  each  side,  bi^t  become  richly  auriferous  throajih 
out  the  width  of  the  dyke  itself,  of  which  the  thickness  is  thi 
ninety  feet. 

The  question  as  to  when  the  auriferous  pyrites  was  deposited  ii 
these  diorites  is  of  much  interest  and  one  tha<t  it  will  be  somerlat 
difficult  to  solve.  It  is,  however,  probable  that  in  the  majoritjof 
cases  the  pyrites  was  contemporaneous  with  the  consolidation  of  tin 
rock  in  which  it  occurs,  although  it  is  also  possible  that  it  majkn 
occasionally  owed  its  origin  to  the  subsequent  passage  throngbtb 
rock  of  metalliferous  solutions.  A  large  number  of  sectioK 
of  pyritous  diorites,  felsites,  and  granites,  were  examined  under 
the  microscope  by  Mr.  Daintree,  who,  in  a  few  instances  odIj, 
found  porti<)ns  of  the  enclosing  rock  embedded  in  crystals  o! 
pyrites. 

Below  the  water  level,  which  usually  very  ue-arly  coinci<les  Vitk 
the  zone  of  decomposition,  veins  of  a  class  which  on  the  whole  las 
proveil  very  misleading  to  the  miner,  although  often  rich  ingiiU, 
usually  di-!,aj)pear.     These  follow  the  lines  yf  jointing  of  ther<«k, 
and  are  jirobably  due  to  the  decomposition  of  auriferous  jiyrittssii 
the  eruptive  rock  and  the  re-deposition,  from  solution,  of  aiwrtiouot 
its  material  in  local  fissures.     It  Ls  probable  that  to  this  nnxle  ol 
formation  are  to  be  attributed  the  horizontal  veins  descrilied  a 
ociuining  at  Waverley  and  elsewhere.     Besides   the  veins  abov 
referred   to,    there  are,  associated   with   the    intrusive    amifcruc 
rocks,  otluTS  which   Mr.  Daintree  considers  as  being  of  far  grtati 
practical  importance  from  being  generally  of   greater  width  ai 
more  likely  to    be    persistent   in  depth.       These  he  reganls 
•the  result  of  hydrothermal  agencies  which  preceded  and  accoi 
.panied   the  protrusion,  and  which  in  some  cases  continued  lo; 
after  the  intrusive  rock  had  cooled  down. 
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The  production  of  gold  in  Victoria  from  its  discovery  in  1850 
1882  has  been  as  follows  ; — 


Table  showimo  Wbioht  and  Value  of  Gold  produced  is  Victoria 
from  1851  to  1882  inclusive.* 
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■  n  ^  «  1    M  liFOB 
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£ 
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11,049,840 
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2,628,478 

10,113.912 

]S» 
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]8«) 
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1861 

1,907,420 
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IM-i 

1,658,207 

6,632,828 

1883 

1,626,878 
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1S04 
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6,178,776 

1865 

' 
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1869 
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nm 
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ees.iso 

670,71.2 

l,36S,fl42 

5,475,768 

1B7S 

639,551 
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1873 

SO  4. 250 

696,147 
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4,681,588 

1874 
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2fl4.453 
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75S,040 
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issd 
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529,195 

829,121 

8,316,484 

1881 

— 

— 

858,350 

3,435,400 

1883 

352,078 

512,532 

8^4,610 

3,458,440 

Totals  ,    . 

1 

.10,324,B87 

201,298,748 

According  to  the  mineral  statistics  of  Victoria  for  the  year 
J80,  the  approximate  area  of  auriferous  ground  over  which 
ining  operations  had  extended  up  to  the  end  of  that  year 
is  1,235^  square  miles,  and  the  number  of  distinct  reefs  proved 

be  auriferous   3,630.     The  deepest  shaft  in  the  colony,  at 

'  The  figures  given  preyions  to  1868  are  the  amonnts  and  valnes  of  the  gold  ex- 
rted  only,  and  are  consequently  under  the  truth.  Those  for  1868,  and  for 
Dseqnent  years,  represent  the  actual  production  aa  calculated  by  the  Mining  Surreyois 
i  Registrars. 


472  ORE  DEPOSITS.  [pamr 

Stawell,  was  2,410  feet  deep;  at  Sandhurst  there  was  a  shaft 
1,476  feet  deep,  at  Maldon  one  of  1,220  feet  from  the  sor&oe.and 
at  Chines  two  shafts  were  respectively  1,193  and  1,105  feet  de^ 
The  average  fineness  of  the  gold  of  Victoria  is  nearly  942. 

During  the  year  1880,  31,456  tons  of  quartz  obtained  from  the 
Ballarat  mining  district,  at  depths  varpng  from  200  to  1,105  feet 
from  the  surface,  yielded  from  6  dwt.  1  gr.  to  14  dwt.  11  gr.  of 
poltl  per  ton  ;  2,770  tons  of  quartz,  taken  from  depths  varying  ftom 
200  to  600  feet,  from  the  Beechworth  district,  yielded  from  8  dwt 
to  4  oz.  16  dwt.  7  gr.  of  gold  per  ton ;  17,216  tons  of  qnatti 
obtained  at  Sandhurst,  at  depths  varying  frx)m  400  to  1,267  feet, 
yielded  from  13  dwt.  11  gr.  to  2  oz.  9  dwt.  22  gr.  of  gold  per 
ton  ;  1,5,112  tons  of  quartz  from  the  Maryborough  district,  obtabed 
at  depths  varying  from  305  to  680  feet,  yielded  from  12  dwt 
6  gr.  to  6  oz.  13  dwt.  3  gr.  of  gold  per  ton.  In  the  Castlemaine 
mining  district,  6,202  tons  of  quartz  obtained  at  depths  varying 
from  200  to  500  feet,  yieldetl  from  18  dwt.  to  3  oz.  17  dwt.  3  gr. 
of  gold  per  ton  ;  6,281  tons  of  quartz  obtained  at  Stawell,  at  depths 
varying  from  612  to  1,200  feet,  yielded  from  1  oz.  6  dwt.  to  4  02. 
12  dwt.  16  gr.  of  gold  per  ton.  At  Stringer's  Creek,  in  the 
Gippsland  mining  district,  19,621  tons  of  quartz,  obtained  at  deptha 
varying  from  343  to  72.3  feet  below  adit,  yielded  from  1  oz.  4  dwt 
22  irr.  to  1  oz.  6  dwt.  22  gr.  of  gold  per  ton. 

Sn.vKR. — Argontifermis  galena  and  embolite  are  found  at  St 
Arnaiul.  a.^sooiatod  with  iron  pyrites,  mispickel,  chalcopyrite,  mala- 
ohito,  native  copper,  native  silver,  gold,  cerussite,  anglesite, 
minu'tosito.  blonde,  native  sulphur,  brown  iron  ore,  ar.d  oxide 
of  niancniioso.  Some  of  the  stibnite  of  Victoria  has  been  found  to 
tvntain  silver  in  the  proiwrtion  of  SO  oz.  per  ton.  EmboUte 
is  found  at  St.  Aniaud  in  cavities  in  drusy  quartz  above  the  water 
level,  and  is  pn.^bably  a  secondary  priHluct  resulting  fix>m  the  de- 
com]v^sitton  of  argentiferous  galena.  Silver  ores  likewise  occur  at 
Ararat,  riojv<;\nt  Creek,  Morse's  Creek,  Sandhurst,  Heathcote, 
Kecvly  Creek,  and  elsewhere. 

Pnring  the  year  1880  no  silver  ores  were  raised,  but  169  oz. 
lo  dwt.  of  that  metal  were  parte*^!  from  gold  in  the  St.  Amaml 
district,  and  2S.i'78  oz.  15  dwt.  were  parted  from  gold  melted  at 
tV.e  Ml  Ibourne  mint.  The  total  yield  for  the  year  was,  therefore, 
23.24S  o;:.  10  dwt. 

Lkad. — Galena  occurs  in  many  of  the  reefs  at  Sandhurst :  near 
B'.'.ie  Motintain.  with  malach'  "^Uow  copper  ore ;  in  Gipp*- 

land  :    in  Caniplxll's   Ree^  :  at  St.  Amaud  ;  and  in 
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ious  other  localities.  Although  it  is  of  common  occurrence, 
lis  mineral  has  not  been  anywhere  obtained  iu  large  quantities. 
Below  the  water  level  of  St.  Arnaud  it  is,  however,  sometimes 
met  with  in  the  form  of  striiiga  and  patches.  It  is  always 
argentiferous,  and  at  St.  Arnaud  contains  above  100  oz.  of  silver 
per  ton.  No  lead  ore  was  raised  iu  Victoria  during  the  year  1880. 
Copper. — Native  copper  is  ibund  in  some  of  the  St.  Aruaud 
Bins,  and  the  green  and  blue  carbonates  of  that  metid  occur,  above 
Iter  level,  in  many  of  the  reefs  thruughout  the  colony.  Copper 
rites  is  found  in  diorite  on  the  Thoiupsou  River,  about  five  miles 
>uth  of  the  junction  of  that  stream  with  Stringer's  Creek.  The  vein 
is  said  to  be  sometimes  as  much  na  35  feet  iu  width.  Mining  opera- 
tions were  iu  progress  in  this  place  as  early  as  186H,  and  smelting 
iaces  had  been  erected  on  the  opposite  bank  of  the  river. 
Recording  to  official  returns,  3,030  tons  10  cwts.  of  copper  ore 
texe  raised  in  the  colony  during  the  year  1S80,  and  3,938  tons 
rere  tmelted  ;  202  tons  of  copper  and  17  tons  11  cwts.  of  regulus 
were  exported. 

Tin. — The  alluvial  tin  ore  obtained  during  the  year  1880 
amounted  to  103  tons  10  cwts.  Stream  tin  is  found  in  the 
Bechworth  district,  in  the  tributaries  of  the  Lerderderg,  at 
trynipie  near  Steiglitz,  in  the  tributaries  of  the  River  Yarra,  in 
the  basin  of  the  River  Thompson,  and  in  many  of  the  feeilers  of 
the  Latrobe  River,  &c.  During  the  year  1882, 1,077  tons  of  tin  ore 
■were  produced. 

Antimony. — Stibnite,  with  valentinite  and  other  oxidized  ores 
of  antimony,  occurs  in  various  places  in  the  colony.  At  Whroo 
very  remarkable  concretions  are  found  in  the  veins.  They  assume 
the  form  of  concentric  layers  of  differently  culoured  oxides  sur- 
rounding a  central  nucleus  of  sulphide  of  antimony.  All  through 
the  oxidized  portions  gold  is  disseminateil  in  the  form  of  ragged 
grains  varying  in  size  from  a  mere  speck  to  pieces  as  large  as  a  j)ea, 
A  vein  containing  sulphide  of  antimony  was  discovered  some 
years  ago  at  Munster  Gully,  Dunolly ;  and  at  Donovan's  Creek,  on 
the  Upper  Yarra,  a  lode,  varying  front  one  foot  six  inches  to 
two  feet  in  width,  consists  almost  entirely  of  bright  and  nearly  pure 
stibnite.  At  Sunbury  there  is  a  vein  consisting  cliiefly  of  quartz  and 
sulphide  of  antimony ;  this  has  an  irregular  course  chiefly  along 
the  strike  of  the  Silurian  strata,  but  in  some  places  crossing 
them  obliquely.  In  addition  to  antimony,  this  lode,  which 
varies  in  thickness  from  3  to  18  inches,  contains  about  2  oz. 
of  gold   per  toD.     Anotiier  vein  of  auriferous  antinionial    ore    is 
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said  to  occur  oiily  seventeen  miles  from  Melbourne.  The 
antimony  mines  of  Costerfield  ■were  discovered  many  years  ago, 
and  have  been  since  wrought  with  varying  success.  During  the 
year  1S>'-'  there  were  raised  333  tons  17  cwta.  of  antimony  ore, 
of  which  27-  tons  17  cwts.  were  smelted  in  the  colony,  and  from 
which  ITS  tons  10  cwts.  of  regulus  were  obtained ;  85  tons  (rf 
antimony  ore  and  323  tons  of  regulus  were  exported.  Diuing 
tiie  vear  ISS2.  375  tons  of  autimonv  ore  were  raised. 


New  South  Wales. 

In  aviditiou  to  its  past-.-ral  and  agricultural  resources,  Nev 
South  WaU'-s  is  rich  in  minerals,  yielding,  besides  coal  and  oil. 
sV.a'.os  of  exceptionally  g*vd  quality,  gold,  silver,  copper,  tin,  and 
vtV.ir  luetivls.  This  is  the  oldest  of  the  Atistralian  settlements, 
i;;»vi:ig  bt-en  lirst  colonizevl  in  the  year  178S.  Among  its  principal 
r.'.:";.i'Ji;  districts  are  Bathurst,  Tambaroora  and  Turon,  Mndgee, 
Liwi'.Iau.  S.i;:lieru  Tusuui  and  Adelong,  Peel  and  Uralla,  Hunter 
aiii  Maoli-iiry.  av.d  New  England  and  Clarence. 

Ctv^lp. — Liold  ovvun?  in  New  South  Wales,  under  conditions 
a'.most  pnrvisely  l.^entical  with  those  characterising  the  aniiferons 
v:-,ivsi:s  .:"  z\.-  :i.l;.::iius:  «.H.->lony  of  Victoria.  It  is  found  in  recert 
;il/.:%  v.::r..  •.:•.  ".cA,:<  .:'  Tvrtiary  age.  and  in  q;;:\r:z  veins :  :a  addition 
:v  :':.v<.-  .':-.;'.>::s.  :';.v  I.west  l-ed?  of  tLc  C- 'al-measurr?.  whi-jh. 
:..r:h  .:  ".iv.'.i.r.^.  .  .Ter  a  lar^re  area  cf  i.vumr\-,  are  s:z:.~r.':zii 
7. v.: •.■.:■.-.-»•.:.-, ".y  li-.ritvr."?.  The  exister.  r  -.f  these  au.ri-rr.:  ■..'-- 
C-.  ■.-t.r-,v:.s  o:.:;:.;::::.^  c- '.'.i.  :u "T'.-ar«  t..-  ii.' •.:..•.:•;  that  at  Iriit  >  i-r 
;:" :":.-:  .■.v.r-.:-r  "5  v.:Ar:r  rovt"?  f  A-:5:r.i'.:-.  '"->.  f.ruieii  jri.r  :  •  •...- 
O.rVv -.  •.:",:: 5  len.-.:.  The  Rov.  W.  B.  C.-^rkr  ■=r«oak*  --f  .»  1ml. i- 
:  ^:"  i  '  ■vi"^  ro^r.  :  ":.,i  in  :a  i^.iiss  ot  .  :■.'..  :.z. :  jtat-r?  :ha:  z^'i  _ 
•  :",.%  ^•!,:  ::•  Nv^v  >..-:l.  W;ilvi:  ;,.\5  two::  l^riv-i  !Von;:r.:n  xyr.:-:- 
:'■-  •■-.•:  :".r  ■  ,:":  cra::::o  \:i :  v;ir:;-:*  K-i>  :  i-'iiu-.-WATy  .:•_::.. 
.  •.  .*;<:■:  ^  . :  ?\'\.-:;us  '.■^.■-.'.  ri.iU  •.••.■w.i-.r.-i'i.  r  v  xi  ir  ■;:  :r;::  r^^-l■::l.; 
:.  ••:  -■  r  •  •.•:-y.<i-  ::  ;:  :;.n:.;.  Pair.::-  H^.k-:.  Wi:ki:.>::". 
a:..!  :  .7^  '...V-  ■.  *\.:--\:\  •.'..■.■.-  .-,  ..:iT^~  jr-'rtiv::  ;:  :!.-  lj.II  :i.  V;.  :.-- 
.•.•.  .:  '^|;".:-:-.".>  .'.1. :  •*  .•.•.:-■  *•    :.". .-  ;\_"-.-:.-.v  ot  iiiTr.:?:'.-;  -ivk-r-f  '!  reLjt- It 

t  ."•  .\V.    .iV.  '.         "T*.".','.  5>  t^..-."    T"-.vtS    "t  ■.,'.'. .'.7' Z  ".Ii  IM-III".;'!!!.  r  "  i"  iTr  Lv*. 

'    ■'.".;  *"-'v  5"".' '■■  Sr .;.  Til-?  Til  .">".vr  source  •. i  AiiTri-i  ■.- 
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>romedary  Mountain,  a  discovery  of  gold  has  been  made  imme- 
lately  upon  the  sea  coast.  This  f^eld  contains  rich  deposits  of 
rater-worn  gold,  which  has  evidently  been  reduced  to  its  present 
x>ndition  by  the  action  of  the  sea,  by  which  it  has  been  arrangeii 
a  two  distinct  terraces,  of  which  the  lowest  is  somewhat  above  the 
present  high-water  mark. 

The  quartz  reefs  of  New  South  Wales,  hke  those  of  Victoria, 
^ften  run  parallel  to  the  bedding  of  the  enclosing  rocks,  but  they 
aevertheless  sometimes  cross  it  at  considerable  angles.  Occasionally 
tin  oxide  is  ^found  in  the  same  veinstone.  Some  of  the  quartz 
reefs  of  New  South  Wales  have,  for  limited  distances,  been 
exceedingly  rich.  Masses  of  auriferous  material  which  were  nearly 
all  gold,  weighing  about  100  lbs.  each,  were  blasted  in  1872  at  a 
considerable  depth  from  a  vein  at  Hill  End.  One  claim  yielded 
30,000  oz.  of  gold  from  43!8  toija  of  quiurtz,  and  another  produced 
1,567  oz.  of  gold  fronj  22  tons,*  Such  yields  are,  however,  quite 
exceptional,  as  the  average  produce  of  the  quartz  treated  in  1880 
amounted  to  only  15  dwt.  17'54  gr,  of  gold  per  ton.  At  the  close 
of  the  year  1880  the  depth  of  the  deepe^st  shaft  in  the  colony 
was  840  feet.  The  auriferous  area  19  approximately  estimated 
at  7,000  square  miles. 

The  following  table,  QpUected  frpm  official  sources,  shows  the 
annual  production  of  gold  in  New  South  Wales  from  the  date  of 
its  discovery  in  18q1  to  the  end  of  1882. 

Tablk  8I10WIX0  ■Weight  a»d  Valur  of  Gold  produced  is  Kew  South 
Waliw  from  1851  TO  1882  ixclvbive. 


Yew. 

Quantity. 

Value. 

Tear. 

Qiiantitr. 

1         Value 

ox. 

£ 

ox. 

e 

1851 

144,120 

468,336     . 

1867 

271,886 

1,053,578 

1852 

818,751 

2,660,946 

1868     ' 

255,662 

M4,«55 

1833 

548,052 

1,781,172 

1869 

251,41»2 

974.14S 

1854 

2:i7,910 

■  778,2<i9 

1870 

24'i,fc.'>8 

W1.014 

1855 

171,3tJ7 

«.'44,594 

1871 

32:{,';<>!» 

1,2M»,4M 

1856 

184,600 

689,174 

1S72 

42,';,  129 

1,643,5-1 

1857 

175,949 

674,477 

1873 

3«;i,7*4 

1,3S>5,17S 

185S 

286,798 

1,104,174 

1874 

270,fcj« 

l,04«,5a< 

1859 

329,363 

1,259,127 

1875 

'S^iffMS 

&77.<;>4 

1860 

384,053 

1,465,372 

1S76 

l';7.412 

<:*.:» 

18C>1 

,     465,685 

1,806,171 

1S77 

124,111 

471.41* 

18-52 

.     640,022 

2,467,780 

1J7>< 

llJ-.-^i 

*:.'.:' -^ 

1863 

466,111 

1,796,170 

1S70 

i'f'.'.^.fr, 

V'.Tii 

1864 

'     340,  ^67 

1,304,926 

1SV'» 

11  ^.'■•■•' 

H-i.Uii 

1865 

320,316 

1,231,243 

-.HI 

i4>,<-2: 

yy-i'.i 

1866 

290,014 

1,116,408 

l-*2 

U'\4ii 

VAV.t 

Tof«U   .    .    .    . 

»,»C5w«» 

,  UX.KMt 

T.   Uichard*.   "  Ke»  Sgatk 
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Like  the  other  Australian  colouies  New  South  Wales  some- 
times suffers  fri>m  prolonged  droughts,  and  the  supply  of  water 
available  for  mining  purposes  materially  affects  the  amount  of  goM 
obtained  during  each  year.  The  average  fineness  of  the  gold  of 
New  S^uth  Wales  may  be  taken  at  about  876. 

Silver. — Comparatively  little  attention  has  been  directed 
to  silver  mining  in  this  part  of  Australia,  and  the  returns  of  that 
motal  are  by  no  means  as  complete  as  could  be  desired,  since  there  is 
no  record  either  of  tlie  amount  or  value  of  silver  produced  between 
the  yoars  lsil5  and  1S60.  Discoveries  of  silver  ores  have,  however, 
Wen  made  witl  in  the  la»t  few  years  at  Rjonwk,  and  there  cow 
ai»i->e:irs  to  l»  some  pr>bability  that  at  a  future  period  New 
S.'Uth  Wales  miy  be..v<:!ie  a  silvor-prxiucing  country  upon  an 
e.xtcusive  Sv-alo. 

The  Btvro.'k  silver  mines  are  situatt-d  in  a  hilly  coimtry 
twenty-six  miios  n-'rth-east  of  Tenterlield.  and  are  worked  upon 
Kvles  clii^dy  criol.-sed  in  sedimenrary  rocks,  some  of  which  are 
highly  me:A::;'>rpho«e'l.  Tiie  main  range  of  granite  is  di.>tant  from 
two  to  throo  r.-.:".vs  fr ■•m  the  mines,  and  p:'rpihyries  and  crystailine 
schists  ocv'v.r  in  thvir  immi-diate  neighb.">urh»:<J.  The  tV>ssils  enclt-seJ 
in  #Rie  of  ti.e  s'ratitieJ  r.cks  inJicate  that  they  are  of  Vpf-er 
DvV"n::'.r.  ?_-:.  Tiie  veir.s  are  cunierrus  and  traverse  a  c^n^i-i-r- 
;ir-'.v  tx:-.:.:  . :'  c. ;;:  :ry.  b:.;:  up  t.;>  the  ]>re«er:t  time  r'r  ev  liave  vdv 
U  .:.  vxp.  Cc  .:  by  ^  :..i;"ir.i::vv'.y  shail.  «-  w  -rkir.;;*.  Tl.-rir  u'^Evral 
<:rikv  U  ^,;^:  ■  :  :.  :::.  i:iA  wvs:  .;.:"  >.;:;:h.  wiiie  thvir  ■::;•  is  usiiallv 
:■  '•v:-.v  •.<  :;.v  J  •.;::..  Scit.p.os  '.-i  '':.-i  ore  i.iWc-  v:r".:>ri  r-v  rr^sav  a? 
:..■.:.';.  :i5  "ii  •  r.  '.t'  silver  i  er  '."n.  Tie  api  :iii.:vs  aviii-t  :..".,:•  t'..r:he 
r-  i"^::  i:  :i:.  \  •:rv:\.::::v:;:  :  :':.-:■  ■irvs'tro  r-rpr-f'ir.:-:-:  as  tviL;:  iiisi-e- 
v::;i:v  :•;  :hv  r-.  :l::rvI:.^:-<  ■::  :hv  'ii-Ti..:.  s:..i  th-r  oevvl..!  i.;^:.:  .:f 

Arz- '■'•'-'•' '•  :'.\'..'y  :■  bo  •.  ^t  ■::"  :hv  pri:.  .ii  :ii  ;.-;ro-:s  ■::  sil^vr.  *  "t 
T-vr.r.;.r;:-:  :r..'i  '..•  r:.  silv-.-r  Tire  .  k^ "■:.-•  i  r-.-f-:.':.  ":.t  fi.^.-^  •."ii:-:^:  r..iLT- 
r-iis  '.'.'•.:.-  :;-  :•  ?y::v5.  o' ui'.  ;p>r:-'>.  Jii^:;•■.  t:lier..;f.  ijt..'\  .xilr  -f 
ir  ::  T:..  y-...>'  ::t  :<  rr::.::;\iiiy  ■/::;::;,  v.-A  niw^^vs  •:■■  :.:iii- 
a  •:v::;-.iu  .•:::  i::.:  •;:  cii:  ti^v  pr.pr:  n  :  ••::•  in  :',.•:  s.  :::i!ti 
ri5>;.y^ .'.  v^-j.-yiL;  :r.:r.  ■"  ^r.  ". "  IS  r.  xvr  t-  r..  >';•  C':n**;i:.:  r~\.':  r. 
r.vv -.  .i.rs  *■-  rxi?*  "t-iV-r-.'ii  '.'..-  r^  ..'.*:v-:-  ar.'.-"^z.Ts  of  c-'l-i  a:::  sii"--:r 
{r:<vi::i::  iin^r::;:  *a:  yl:*.  A:'::iiinz  "■  Mr.  Pavey.  a:  ^-^r::* 
■:!"  -.ss  :*;..ir.  •r:^';;ty  '.:•.'  :r  r.:  tie  5':r:a.:e  th-r  silver  cv'cur?  '.li-ry 
iu  '.':.•:  i.r::.  .:"  ;...'.:ri  i-e.  iv.  i  :*  tV-vT'.:"  re  rea>.iiiy  obtaine-i  by  in.vi- 
iTi- a::-  v. :  ••v;.-.".-  :-:•'.  .w  tha*  join  "  •  ores  rs'i^nir?  a  preiin.ir.-ry 
r.;\s*::i::"  :t;.  <i:l:.  Mr.  Paveyif^  l»rgentifer<:^s  ir":nrvri*-s 
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krryiug  gold  would  have  been  most  efficiently  treated  by  smelting 
Wtiih  lead  ores,  had  the  necessary  plant  and  fuel  been  available. 

The  most  importaut  silver  niiue  of  the  district  is  the  Golden 
Age,  which  is  worked  in  a  buff-coloured  clay  slate  situated  about 
two  miles  from  the  granite.  The  lode  courses  about  22*  E.  of  N., 
Las  a  dip  towards  the  weat,  and  to  a  depth  of  about  eighty  feet 
averages  about  twelve  inches  iu  width.  From  the  surface  down  to 
this  level  the  most  abundant  ore  was  chloride  of  silver,  with  some 
argentiferous  pvrites.  The  whole  of  the  lode  to  this  depth  has 
been  stoped  away,  and  all  the  chlorides  have  been  exhausted.  About 
52,0L*0  oz.  of  silver  and  2.50  oz.  of  gold  were  obtained  from  this 
portion  of  the  lode.  There  were  in  1881  at  this  mine  three  shafts, 
the  deepest  of  which  reached  IW  feet  below  the  surface.  For  the 
last  fifty  feet  the  average  width  of  the  lode  was  from  eighteen  to 
twenty  incites,  with  a  band  on  either  side  of  rich  argentiferous 
pyrit€3.  This  pyrites  contains  silver  in  the  proportion  of  from  70 
to  150  oz.  per  ton;  but  at  the  bottom  of  the  mine  the  centre  of 
the  lode  consists  mainly  of  a  slaty  breccia,  which  is  by  no  means 
rich.  A  mixture  of  iron  pyrites  with  blende  is  often  rich  in  the 
precious  metals ;  specimens  of  this  kind  sometimes  yielding  as 
much  as  800  oz.  of  silver  and  5  oz.  of  gold  per  ton  of  stuflf. 

r.      The  light-coloured  clay  slate  referred  to  as  forming  a  portion  of 
Ihe  country  rock  of  the  Golden  Age  Mine,  does  not  appear  to  extend 
beyond  the  limits  of  that  property.    About  fifty  yards  south  of  the 
deepest  shaft,  situated  nearly  in  the  centre  of  the  mine,  the  lode  is 
intersected  and  displaced  by  a  flucan  containing  a  few  lenticular 
masses  of  quartz,  which,  near  the  surface,  were  extremely  rich  for 
silver.   The  country  rock  west  of  this  cross-course  differs  materially 
from  that  of  the  Golden  Age  Mine,  consisting  as  it  does  of  a  blue 
fosailiferous  slate,  whereas  on  the  eastern  side  no  fossils  have  as  yet 
been  found.     Below  the  depth  of  eighty  feet  the  rock  becomes  a 
blue  slute  which  is  compact,  and  is  not  known  to  contain  fossils. 
The  lode  gradually  became  richer  as  it   approached   the   cross- 
course,    and    was    very    productive    in    its    immediate    vicinity. 
During  the  year    1880,  rather   more   than   30,000   oz.    of    silver 
were  returned  from  the  Golden  Age  Mine,  and  nearly  2,000  more 
m  the  Addison  Lode,  Simmons  and  Donaldson's  claim.     Mining 
the  vicinity  of  Boorook  is,  however,  regarded  as  in  its  infancy. 
In  addition  to  the  silver  obtained  from  silver  and  leatl  ores, 
ative  gold  is  invariably  alloyed  with  that  metal,  and  consequently 
very  considerable  quantity  of  silver  has  accompanied  the  Austra- 
lan  guld  tlirough  various  commercial  channels.     Although  in  the 
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a^gre^te  the  amount  will  be  somewhat  large,  the  value  of  this 
silver  is  relatirely  so  small  that  it  is  not  taken  into  consideration 
in  the  estimates  of  gold  produced.  The  following  is  the  official 
return  of  the  silver  produced  in  the  colony  of  New  Soutii  Walei 
from  1862  to  1882. 


Tasle  showing  Weight  axb  Valits  or  Silver  Okes  and  Silver  prodcced 
IX  Xew  SoiTH  Wales  prior  to  1869. 


V«»r. 

Qiiantilr. 

Valae. 

£ 

IS-JS 

SM  tons  OR, 

5,320 

1S43 

28        „ 

1.080 

15«4 

13        „ 

130 

1S«5 

736  OS.  ulTcr. 

184 

1««« 

yu. 

1S«7 

ft 

1S«S 

«f 

T«Ul 

privrto  1869 

6,714 

Table  showivg  Weight  axd  Valce  of  Silver  prodcced  ik  Kew 
S^fiTH  Waleu  proji  1S69  TO  1882  inclusive. 


T«r 


H-iti.: 


Va'.ie. 


Y«-»T. 


i.r. 

T-eTAo{\iC< 

— 

\  i«?5 

753 

i>r" 

13.>^:< 

i-ri 

71,311 

1572 

4f'..'i44 

1S73 

fiS.&PS 

1574 

7S.027 

1575 

52,. =153 

£ 

6,7U 

199 

3.S'>1 

1S6S1 

12.«<53 

1«,27? 

ls.«SO 

12.7&4 


1S7^ 
1877 
1S73 
1S79 
ISSO 
15S1 
1SS2 


Totals 


Qnantity. 


fi9,179 
31.409 
60,563 
£3,164 
91,419 
57,254 
3S,618 


764,660 


Value. 


£ 
15,456 

6.673 
13,291 
18,071 
21,87S 
13,f'26 

9,024 


187,429 


Copper. — Copper  ores  have  for  many  years  formed  one  of  the 
productions  of  New  South  Wales,  but  for  some  time  copper  mining 
was  conducted  upon  a  very  limited  scale.  During  the  earlier 
periods  of  mining  acti\nty,  the  cost  of  transporting  bulky  ores 
from  the  interior  of  the  colony  to  the  sea  coa.«t  for  shipment 
placed  the  copper  miner  at  considerable  disadvantage  as  compared 
with  the  gold  digger.  Washing  for  gold  was,  therefore,  generally 
preferred  to  mining  for  an  ore  the  value  of  which  could  only  be 
realised  after  a  largo  expenditure  of  time  and  money.  In  order  to 
obviate,  as  far  as  jwssible,  this  difficulty,  copper  miners,  at  a  com- 
paratively early  date,  comnienc  ection  of  furnaces  for  the 
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production  of  regulus,  and  the  process  was  subsequently  extended 
t'j  the  manufacture  of  fine  copper. 

The  first  mention  of  copper  ores  in  the  statistics  of  the  colony 
»pears  to  occur  in  1S5S,  in  which  year  58  tons,  of  the  value  of 
'1,400,  are  stated  to  have  lieen  raised.  The  first  .snudting  furnaces 
appear  to  have  been  erected  about  tlie  year  18(33,  since  whicli  date 
the  production  of  copper  ores  and  copper  has  steadily  and  some- 
what rapidly  increased.  Unfortunsitely,  however,  the  ofticial 
records  of  tlie  colony  supply  more  information  with  regard  to  the 
annual  production  of  copper  than  with  respect  to  tlie  moiie  of 
occurrence  of  its  ores. 

The  Great  Cobar  Copper  Mine,  which  at  the  present  time  is 
the  most  important  cupper  mine  of  New  South  Wales,  is 
situated  almost  in  the  centre  of  tlic  vast  plain  which  lies  between 
the  Darling,  the  Bogan,  and  the  Lachlan  rivers;  the  country  for 
many  miles  around  being  entirely  waterless.  The  rocks  con- 
sist of  Silurian  slates,  which  within  the  limits  of  the  property 
are  supposed  to  be  traversed  by  several  lodes.  Operations  have 
hitherto  been  confined  to  tlie  most  western  one  only,  upon  which 
four  sliafts  have  been  sunk.  Barton's^  Shaft  had,  in  1880,  been  sunk 
to  a  depth  of  54  fathoms,  and  in  that  year  the  inspector  of  mines 
reported  the  lode  at  the  bottom  to  be  46  feet  in  width  and  to 
consist  entirely  of  solid  sulphides.  At  the  bottom  of  Becker's 
Shaft,  which  Lad  been  sunk  to  the  same  depth  as  tho  other,  a 
solid  course  of  ore  averaging  26  feet  in  width  extended  between 
the  two  shafts,  a  distance  of  about  lOU  fathoms.  From  Becker's 
Shaft  on  the  north,  to  Renwick's  Shaft  on  the  south,  the  lode  had 
been  worked  for  a  length  of  about  193  fathoms,  and  consisted  of  a 
mixture  of  carbonates,  oxides,  and  grey  copper  ores,  with  oxide  of 
iron,  varying  in  thickness  from  three  to  100  feet. 

The  rapid  development  of  this  mine  is  shown  by  the  following 
statistical  statement.^ 


TtMT. 

Or*  imelte<l. 

Copper  |>r<idiiee<l. 
Tmdii. 

Tonn. 

me 

1,468 

174 

:877 

4,880 

5-2.3 

]878 

8.389 

1.457 

1879 

12,616 

1,891 

1880 

20,66« 

2.<100 

1881 

21,552 

2,568 

188S 

11,702 

1,805 

Totals  since  the  mine  started,  1876 

81.162 

11,018 

'  Annual  Report  of  th<  Dqyrtmtni  of  MiwafoT  1880,  p.  217,  Sydney,  1881. 
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Cobar,  ii  one  of  tlte  most  iatpartant  of  the  moFC  tmxat  \ 
Four  sbakfts  Lad,  in  1881,  licvQ  sunk  od  tbe  propeft7,UM( 
-which  had  reached  a  depth  of  S7  fathoms  from  the  sw&oe. 
ghafL  the  lode  wii^  (j  (vmI  iij  width,  and  enUruly  com{Kiscdaifgioii| 
suitable  fur  tbe  faroace.  An  end,  going  aorUi,  had  been  dmtaiimj 
60  ftithom!;  thmugh  a  lode  eoi)ip4.t3ed  of  quartx,  gM«Hi,uulm| 
copper   ore.     Aoother  shaft  had   been  sunk   for  a  dep^  q[  |j 
iathoius  thraugh  a  lo<ie  c«m]Kised  of  quartz,  gossan,  iron  pjiit^  ! 
and  yellow  copper  ore.    About  500  ttjos  of  16  per  ceatWf  m 
lyiag  on  tbe  surface  ready  for  the  suie-lting  fuTDAces. 

Thu  New  Cobar  Copper  Mine,  wliich  is  only  about  e^ttioiia 
auuth    of    Great    C'Obar,   uffurds   satisfactory    itidicaticioi  4  h 
presence  uf  large  depoaiU  of  copper  ore.     Tbe  approitnulcamdj 
the  copper-bearing  region  of  New  South  Wjdes  has  beeu  estijiaid 
ut  about  6,7UU  Bquare  inUeo. 

Tb«  following  tabic  shows  the  quantity  and  value  of  vsf^ 
copper  ore,  &e.  exported  from  the  eokmy  (mm  1858  to  1882. 

TABtS     snoWIHO    THE    QPA^fTITY     AVD    VaLPK    OF    CopPUt,    CoWM  Ou  Ifl 

KEori,c»,    Till    PRODrcK  ar   the   Coli^kt,   ExsotrtxD  raoM  Sit  8«a 
WAi.Ei>,  rvau  ISSS  to  1&S2  iMOUJitvz. 


ItisiiM. 

OrcMdacsi^w. 

1^(11             1 

Y»»r 

Qn«nUt|r. 

V*!u». 

quMlttf. 

VtlM. 

HoMsaxtr 

Vita 

Tkn*.    ««rti. 

i 

ToniL   e*U. 

a 

Tan*.    cwU  i 

t 

ISSS 

.^ 

^ 

68 

0 

1,400 

iS     0 

1,«     ' 

18S» 

— 

578 

— 

— 

—mr 

PI 

1800 



— 

48 

0 

1,635 

43    0 

I,* 

isei 

— 

— 

144 

0 

3,380 

144    0 

M» 

18S2 

— 

■_ 

213 

0 

5,742 

SIS    0 

V.V. 

IMS 

S3    0 

1,680 

114 

0 

420 

137    0 

\n\ 

1804 

54     0 

«,230 

— 

■ — 

54    0 

\»\ 

1S05 

247     0 

IS,  820 

22 

0 

545 

26a    0    1 

K^aai 

1888 

265    ft 

1«,(»03 

23 

0 

1,685 

27S    0 

SS.IMi 

1867 

3P3     0 

SO,  1 80 

2 

5 

a»3     2 

3e,i» 

lies 

Bi4     0 

2a,S9T 

173 

0 

4,000 

818     0 

iT.ii; 

1S60 

1,98  J     0 

74,1:105 

104 

0 

2,070 

3,084    0 

7<,«lt 

1870 

Ml     0 

a.^fl?! 

e 

0 

«0 

1,000     0 

4S.5« 

1671 

1,350     0 

8r,r.7s) 

94 

0 

],2B7 

3,444     0 

8S,&H 

1S73 

1,035    0 

82,736 

417 

0 

13,152 

1,452     0 

i«5,sa 

1S73 

2,795    0 

237,412 

61 

0 

1,890 

2,84«     0 

339AI» 

187* 

S,838     0 

311,519 

623 

0 

13,621 

4,160     0 

815,1  M 

1875 

3,520     0 

2P7,334 

157 

0 

4,358 

3,677     0 

S01,W< 

1876 

8,108     0 

243,142 

IflB 

0 

6,836 

8,275     0 

2*9,»Tt 

1877 

4,iri3     0 

Sfl7.iai 

360 

0 

17,045 

4,513     0 

324.241 

1878 

4.983     U 

837,403 

2.3fi 

0 

7.74B 

5,219     0 

345,1» 

1679 

4,106  IB 

256,437 

3fl 

7 

»35 

4,143     2 

257,55 

1880 

5,2^2  10 

359.2fl0 

181 

Ui 

4,799 

5,394     Si 

364,0{ 

1881 

6,381     0 

360,087 

132 

16 

4,»76 

5,493  1« 

355,0< 

18S3 
Totkh . 

i,m5     3 

321. bS7 

93 

1 

2,810 

4,»S8     4 

324,71 

49,TSS    8 

3,487, »SS 

3,2»9 

*i 

100,327 

52.064  ISi 
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Tin. — The  most  important  tin-fields  of  New  South  Wales  are 
those  situated  near  the  QuecDslan*!  boundary,  hut  tin  ore  also 
occurs,  altliough  in  less  abucdauce,  in  some  of  the  more  southern 
portionB  of  the  colony.  Attention  was  first  called  to  the  probable 
occurrence  of  considerable  quantities  of  this  mineral  by  the  Kev. 
W.  B.  Clarke,  to  whose  investigations  relative  to  the  geology 
and  mineral  resources  of  Australia,  reference  haj?  been  already 
matle.  In  a  report  to  the  Colonial  Secretary,  dated  May  7th,  1853, 
Mr.  Clarke  strongly  expressed  Ins  opinion  with  regard  to  the 
probtible  value  of  the  stanniferous  deposits  of  the  New  England 
district,  but  no  practical  notice  was,  at  the  time,  taken  of  hia 
observations.  Washing  for  tin  ore  was  first  actively  commenced  in 
New  South  Wales  in  1872,  and  the  New  England  district  quickly 
became  famous  for  its  rich  deposits  of  tluit  uiineral.  Cassiterite 
was  first  recognise*!  among  the  bhick  sands  of  the  Victorian  gold- 
fields  in  March  1853,  biit  although  the  occurrence  of  tin  in  that 
colony  is  comparatively  limited,  it  was  not,  as  in  New  South  Wales, 
entirely  overlooked.  Tin  ores  from  Australia  were  imported  into 
England  long  previous  to  1872,  hut  they  appear  to  have  come 
exclusively'  from  Victoria. 

The  tin  deposits  of  Au.stralia  are  not  confined  to  the  beds  or 
banks  of  modern  water-courses,  but  often  extend  high  up  their 
bank.s,  thus  indicating  that  extensive  erosion  has  taken  place 
subsequently  to  their  deposition.  Like  gold,  tin  ore  is  also  found 
in  deep  leails,  which  are  sometimes  covered  by  flows  of  basalt, 
and  many  of  which  are  regarded  as  of  Miocene  age.  Granites 
appear  to  be  the  ultimate  source  of  Australian  tin  ore,  and  on  high 
ground  unworn  crystals  of  cassiterite  are  occasionally  found  as  a 
residuary  deposit  resting  on  tbe  surface  of  tlecomposed  granite. 
The  granites  are  stated  to  be  of  Devonian  age,  and  the  tin  veins 
which  traverse  them  do  not,  as  in  Cornwall,  exhibit  an  ap- 
proximate uniformity  of  strike.  The  area  of  the  New  South 
Wales  tin-fields  is  estimated  at  about  8,500  square  miles,  and  2,200 
poisons  are  snid  to  be  eniplo\ed  in  tin  mining. 

Tin  streams  began  to  be  profitably  worked  early  in  the  year 
1872;  some  of  the  first  deposits  of  ore  having  been  discovered 
in  the  neighbourhood  of  Bendemeer ;  and  almost  simultaneously 
a  large  extent  of  land  was  taken  up  for  tin  mining  in  the 
neighbourhood  of  Watson's  Creek,  twenty  miles  west  of  the  la.^t- 
named  locality.  Then  there  came  information  of  tin  ore  having 
been  found  near  the  Queensland  border,  and  Streamworks,  some 
of  which  proved  to  be  very  rich,  were  opened  around  Stanthorpe. 
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After  the  Stftnthorpc  minos  came  discoveries  in  the  vimnity  cl 
Dumlee,  ami  alxiut  tlie  same  time  the  deposits  of  Cojie's  CrBtid 
near  Invorcll,  were  brought  to  light.  Discoveriea  at  Vegetable  Creekj 
quickly  followed  those,  whore,  as  well  as  at  Inverell.  tho  vorkio^ 
wiTe  carried  out  upni  a  large  scale  und  with  very  profitable f«ijlu. 
Some  of  these  original   shallow   deposits   have   been   long  stat 
worked  out,  but  a   large   number  of  ileep    leads,    then  entimK 
unknown,  ai'e    now    in  active  operation.     An  enorinuus  quui.!.;; 
of  tin  ore  hu-s  been  taken  from  the  mines  in  Vegetable  Crwk, 
which  may  be  regarded  as  the  centre  of  tho  richest  tliscoverie?  li* 
tliat  minerul  in  the  c<ilony.     From  1872  to  December  31,  Inv*, 
the  total  yield  of  tin  (black  tin?)  from  workings  in  the  Vegetable 
Creek  ili.strict,  is  stated  to  have  amounted  to  20,988  tons.' 

The   deep   lead    worked    by   Wesley   Brothers    at   V(^etaN* 
C'reek  is  one  of  the  richest  discoveries  of  tin-be.aring  drifr 
ma<le  in  the  district,  even  eclijising  the  celebrated  de{H)sit  w 
by  the   Vegetable   Creek   Tin  Mining  Company.     After  sii, 
through  90  feet  of  basult,  GO  feet  of  which  was  exceedingly  bani, 
t<jgetln'r  with  various  layers  of  j)ipeclay,  their  persevemnce  »ai 
rewarded  by  the  discovery  of  a  bed  of  rich  wash-dirU     When  thfy 
had  followed  the  rock  on  which  they  bottomed,  which  was  dii ;    . 
rapiilly,  for  a  de[tth  of  about  twenty  feet,  they   came  u|xmi  i 
wash,  consisting  of  ten  foet  of  Bne  sandy  drift  with  a  fair  am      ' 
of  stream  tin.     Below  this  was  a  layer  of  coarse  gravelly  ■: 
exactly  like  that  seen  in  the  bed  of  an  ordinary  river,  which  v.,L^ 
wonderfully  rich.     In  the  year  1879  they  were   unable  to  i<-m]i 
the  bed-rock  on  account  of  the  large  amount  of  wut<'r,  but  a  mw 
shaft  was  being   sunk  with   a  view  of  reaching  the   bottom 
the   deposit.      Fig.  85   represents  a  section  of  Wesley  Brothel 
old   .shaft  looking  west. 

In  l.SSO  the  width  of  the  lead  had  been  proved  to  be  170  fi 
and  workings  hail  extended  upon  it«  direction  for  a  distance 
3+0  feet.  The  wash  was  found  to  be  exceedingly  rich,  and  m 
many  places  was  black  witli  tin  oxide;  but,  being  compoged 
gravel  and  very  fine  sand,  the  whole  of  the  workings  had  to 
close  lathed  and  double  planked.  The  yield  of  black  tin,  whi 
was  286  tons  for  the  year,  would  have  been  considei-ably  larger 
there  not  been  a  scarcity  of  water  during  the  enrlier  moDths. 

The  great  event  of  the  year  1880  appears  to  hav«-  been 
striking   of    remarkably   rich    wash-dirt    at    Rose     Valley,   n 
Vegetable  Creek,  where,  after  sinking  tliroiigh  sixty  feet  of  loft 

«  C.  LjTie,  "  Th<?  Industrie*  of  New  South  W»kn."  p.  190. 
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grey  basalt  and  twenty  of  variously  coloured  pipeclays,  exceed- 
iogly  rich  tin- bearing  wash-dirt,  which  varied  in  thickness  from 
2  to  87  feet,  was  found.  The  width  of  this  lead  was  proved  to 
be  about  100  feet,  and  drifts  were  extended  for  a  distance  of  300 
feet  upon  its  course.  From  these  workings  553^  tons  of  tin  ore 
were  obtained  during  the  course  of  nine  months. 


Smrfrtm 


PIpmtSag 


^«^ 


Safest^/' 

aSOmXImeri 


■:':;^'?^ 


Sd*rfFmt 


Fio.  85. — Wesley  Brothers'  old  Bhalt ;  vertical  section. 

Although  numerous  tin  lodes  are  known  to  exist  in  various 
localities  in  New  South  Wales,  no  vein  mining  of  any  considerable 
extent  has  been  hitherto  undertaken.  Near  Cope's  Creek  in  the 
granitic  country,  thirty-five  miles  north-west  of  Armidale,  a  number 
of  lai^e  stones  of  solid  tin  ore  were,  some  years  ago,  obtained 
from  the  outcrop  of  a  lode.  One  of  these  lumps  is  said  to  have 
weighed  57  lbs,,  and  to  have  yielded  by  assay  76  per  cent,  of 
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metallic  tin.  The  tin  ore  at  the  Bolitho  Mine  rana  in  in^nk 
branches  through  a  nearly  vertical  fialqiatliic  dyke.  These  veia 
sometimes  unite  so  as  to  form  an  almost  solid  mass  of  ore,  i^ 
then  again  dwindle  and  disappear.  Several  large  blocks  of  vBt* 
stone  raised  from  this  place,  one  of  vrhich  weighed  neatly  a  tt^ 
are  stated  to  have  mainly  consisted  of  tin  ore.  At  the  Kanntk 
Mine,  south  of  Cope's  Creek,  a  dyke  of  felstone  has  been  diaootcnl 
containing  tin  veins.  The  tinstone  is  l^re  associated  with  qouii 
in  veins  varying  from  a  mere  string  to  branches  three  iaehi 
in  width,  which  traverse  the  dyke  in  all  directions.  The  cr 
usually  occurs  in  the  form  of  crystals  lining  the  sides  of  fiaon^ 
the  central  portions  of  which  are  filled  with  quarts.  A  vein  ef 
nearly  pure  cassiterite,  four  inches  in  width,  associated  with  day  asd 
fluor  sfMur,  is  said  to  have  be  opened  at  the  Boundary  ISn  ICoe. 

Several  tin  lodes  occur  near  Tingha,  some  of  which  are  rtated 
to  have  produced  solid  masses  of  tin  ore  several  inches  in  thid* 
ness ;  but  with  the  exception  <it  two,  one  worked  by  an  TgngKAmm 
and  the  other  by  Chinamen,  they  were  in  1880  all  deserted.  Hen 
are  rich  tin  lodes  in  the  neighbourhood  of  Vegetable  Creek,  bit 
rich  finds  of  alluvial  tinstone  at  Rose  Valley  will  tend  to  cfaed 
for  some  time  the  progress  of  vein  mining  in  the  district* 

The  following  table  shows  the  quantity  and  value  of  tin  nl 
tin  ore  exported  from  the  opening  of  the  tin-fields  in  1872  to  tlie 
fiulof  18S2. 

T.\ni.K  HriowiNo  thk  QtrANTiTT  and  Vamte  or  Tin  awd  Tim  Ore,  THEPioDm 

(IP  THK  C<>I^)NY,    KXPORTED  7R0U   NEW  SoUTH   WaLBS  TO  KKD  OF  1861 


Ingoti. 


On. 


Ye«r. 


1872 
1«7» 
1S74 

is7r. 

]87« 
1877 
1878 
1879 
1880 
1881 
188-2 


Totiils 


QiiMitliy. 

Trmii. 
47 
911 
4.1111 

5,4 1» 
7,2-JO 
6,08.1 
6,107 
5,476 
7.590 
8.050 


Vtlae.        Qoantitr. 


t 

6,482 
107,795 
3««,189 
475.168 
379.318 
477,962 
862,072 
343,075 
440,615 
686,511 
800,571 


Turn. 

849 

3,6«0 

2.118 

2,022 

1,509 

124 

1.125 

814 

682 

609 

611 


56,113    I  4,445,748  i  14,123 


Valne. 


* 
41,337 
226,641 
118.i:« 
86,14.-) 
60,320 
30,688 
33,760 
29,274 
80,722 
37,492 
32,890 


ToUL 


QoBDiitr. 


TonF. 

»96 
4,.57I 
6,219 
8,080 
6,958 
7,854 
7,210 
6,921 
6,158 
8,200 
8,670 


TlhK.      I 


t 

47.819 
334. 43« 
484,322 
561,311 
439,638 
608,541) 
395,822 
372,849  ! 
471,887  ■ 
724,003 
t33,461 


727,290  I  70,237 


6,173,038  ! 


'  Annu<d  lii'jtDrt  n/l/if-  Ihjxirlinfnt  of  Alinex  fur  1880,  p.  218. 
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Ibon. — Impntrtant   deposits   of  iron   ore   are    founi-1    in    close 
ximit.y  to  coal  and  limestone  in  various  parts  of  the  colony. 
i  ore  found  at  Mittagong,  in   the  souihein    district,  contains 
per  cent,  of  iron.     The  iron  ore  at  Wallerawang,  distant  105 
ilea  from  Sydney,  consists  of  maguetite  an<l  brown  luematitf,  in 
dition  to  whicti  there  are  beds  of  so-called  clay  bauds  iutt-r- 
tified  in  the  Coal-rneasures.     These  clay  bauds  are  not  impme 
bonates,  tut  brown  haeinatites  containing  about  50  per  cent,  of 
Bands  of  highly  ferruginous  garuets  accompany  the   Neins 
magnetite.  J 

The  Eskbank  Iron  Company,  who  have  established  works  at 
thgow,  95  mdea  from  Sydney,  are  the  largest  manufacturer 
iron  in  the  colony.  These  works  are  connected  by  a  tramway 
th  the  Great  Western  Railway.  The  ores  treated  consist  of  a  clay 
,nd  stone  averaging  40  i)cr  cent,  of  iron,  a  brown  hainiatite  yielding 
50  per  cent,  of  metal,  and  a  siliceous  ore  containing  a  somewhat 
low  percentage  of  iron.  The  first,  which  crops  out  at  the  surface,^ 
varies  from  six  to  fifteen  inches  in  thickness,  the  second  formiH 
a  bed  two  feet  thick,  while  the  thickness  of  the  third  is  four  feet. 
A  ten-feet  seam  of  splint  coal  crops  out  upon  this  property,  as  doeSj 
also  a  seam  of  refractory  clay,  from  which  firebricks  are  raanu- 
focturetl.  The  make  during  the  year  1880  amounted  to  1,200  tons] 
^ttl  pig-iron  and  800  tons  of  bars  and  rails. 
^H    Lead. — At  the  present  time  no  lead  mines  are  known  to  be 
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jrking,  but  a  few  tons  of  lead  ore  are  occasionally  exported.  H 

Antimont. — Stibnite  occurs  in  variotis  parts  of  New  South" 
Wales,  and  during  the  year  1880  some  further  discoveries  of  that 
mineral  were  reported  to  have  been  made.     At  a  mine  opened 
near  Armidale  the  vein  varies  in  width  from  10  to    15    inches, 
and  the  ore   is  stated  to   yield  60  per  cent,  of  antimony,  an^ 
1  oz.  2  dwt.  of  gold  per  ton.     The  ore  from  another  mine  is  said 
to  yield  GG  per  cent,  of  antimony.      Antimony  lodes  have  been 
discovered  at  Hargruves  Falls  and  in  the  neighbourhood  of  Ahcrfoil. 
Some  ludes  in  the  Macleay  district  have  been  worked,  while  in 
the  Bathurst  district,  pure  blocks  of  stibnite  occur,  but  without 
any  defined  lode.    The  antimonial  ores  on  the  Munga  Creek,  four 
miles  above    its  junction   with  the   Macleay    River,   occur  in  a 
quartzose  matrix  iu  lodes  having  a  general  strike  between  north 
and  north-east ;  the  Victoria  reef  is,  however,  in  this  respect  an 
exception.      Antimony  and  antimony  ores  weighing  99  tons  19 
cwts.,  and  having  a  value  of  £1,652,  were  exported  during  the     , 
year  1880.  A 
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Bismuth. — ^This   metal  ocean  in  a  ymn  8  iadtm  vide  d 
Silent  Orove,  and  also  in  the  Ve^table  Creek  disferieL   U  k 
likewise  worked  at  the  Elsmore  Mine  on  the  lldntjie  Bi*ci; 
near  Inverell,   and  in  the  vicinity  of  Glen  Innea.     AHIwii|j^ 
bismuth  has  long  been  known  to  exist  in  the  latter  ngm, 
mining  for  this  metal,  as  an  indusby,  was  not  commenced  ma 
1880,  daring  which  year  4^  tons  of  ore  were  eiqported  froai  ^ 
Eingsgate  Mine,  eighteen  miles  east  of  Glen  Lmee.    The  kd« 
in  which  the  metal  is  found  vary  firom  6  to  8  feet  in  widtk, 
and  have  an  east  and  west  bearing.    The  county  rock  is  gnaite 
and  the  veinstone  quartz,  from  which  maraee  of  nalave  hiamsA^ 
weighing  from  1  to  2  lbs.,  are  sometimes  obtained. 

Queensland. 

This,  the  most  recently  organised  of  the  Australian  possesBion^ 
was  separated  from  New  South  Wales  in  1859.  Its  most  im- 
portant metalliferous  productions  are  gold  and  tinstone,  bat;  in 
addition  to  these,  Queensland  has,  in  the  aggr^ate,  yielded  coa* 
siderable  quantities  of  copper  ore. 

Gold. — ^The  gold-fields  of  the  colony,  which  are  grouped  in 
three  divisions,  namely,  the  Northern,  the  Central,  and  die 
Southern,  exceed  twenty  in  number,  but  exhibit  no  peculiarities 
differing  from  those  which  have  been  already  described  as  oc- 
curring in  Victoria  and  New  South  Wales.  Mr.  Daintree  has 
called  attention  to  the  fact  that,  although  a  large  area  of  Devonian 
rocks  exist  in  Queensland,  and  numbers  of  the  gold-fields  of  the 
colony  are  situated  in  Devonian  areas,  payable  gold  is  under  such 
circumstances  only  found  where  the  rocks  have  been  penetrated  by 
eruptive  dykes  which  mostly  consist  of  pyritous  diorites.  On  the 
Broken  River  and  its  tributaries  an  area  having  a  breadth  of  thirty 
miles  with  a  length  of  sixty  miles,  is  occupied  by  a  perastent  out- 
crop of  Devonian  strata,  in  which  gold  has  in  no  case  been  dis- 
covered in  remunerative  quautities  except  in  a  small  gully  heading 
from  a  ridge  where  a  trap  dyke  has  penetrated  the  Palssozoic  rocks. 
Various  districts,  however,  where  Devonian  rocks  prevail,  have 
at  different  times  been  centres  of  gold-mining  enterprise,  but,  as  far 
as  is  yet  known,  the  country  has,  in  every  case,  been  traversed  by 
dykes  of  diorite,  diabase,  or  porphyrite.  Tufaceous  representa- 
tives of  each  of  these  rocks  are  sometimes  also  found  inter- 
stratified  with  the  upper  portion  of  the  same  formation,  and 
occasionally  also  throughout  the  other  beds. 
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At  Gympie,  one  of  the  richest  quartz-mining  districts  in  the 
lony,  the  auriferous  area  is  confined  either  io  veins  traversing  a 

itailine  diorite,  or  within  a  certain  limit  of  its  boundaiy  marked 

the  presence  of  fossiUferous  diabiise  tuffs.^ 

At  one   of  tlie  diggings  near  Peak  Downs,  water-worn  gold 

urs  in  a  Carboniferous  conglomerate  containing  G/osfiopten^, 
resting  upon  an  underlying  confuiuiuble  shale  abounding  in  the 
same  fossil.  Mr.  Ditintree  was  of  opinion  that  the  only  reason  that 
water-worn  gold  has  not  been  more  frequently  found  under  similar 
conditions  is  explniiied  by  the  fact  that  marine  and  lacustrine 
deposits,  such  as  the  Carboniferous  as  well  as  all  the  Slesozoic  and 
older  Caiaozoic  strata  of  the  continent,  are  chiefly  built  up  of 
sediments  which  have  not  been  derived  from  the  rocks  on  which 
they  rest.  Only  beaches  or  locally  filled  fjords  of  Carboniferous  or 
Mesozoic  sea-coast,  where  auriferous  reefs  have  cropped  out  and 
liave  had  a  chance  of  extensive  abrasion,  would,  be  considered,  be 
likely  to  contain  drifted  gold.^ 

A  large  proportion  of  the  gold  obtained  from  Queensland  is 
derived  hum  shallow  alluvial  workings,  some  of  which  are  mere 
•washings  of  the  gravels  found  in  river-beds,  which  ai'C  collected 
from  holes  and  crannies  on  the  surface  of  the  bed-rock, 
^^^though  a  great  volcanic  outburst,  which  is  regardid  as  being 
^^■ttntemporaneous  with  the  upper  volcanic  series  of  Victoria,  has 
^Bpers]>read  enormous  areas  with  basaltic  lavas,  the  working  of  deep 
pleads  below  such  flows  is  not  extensively  prosecuted.  Quartz 
mining  is,  however,  caiTied  on  with  considerable  activity,  and  the 
quartz  treated  is  considerably  richer  than  that  of  Victoria. 

In  the  j'ear  1880  the  average  yield  of  the  110,418  tons  of  auri- 
ferous quartz  treated,  amounted  to  1  oz.  11  dwt.  12  gr.  of  gold 
per  ton ;  the  aggregate  area  of  the  gold-fields  was  estimated  at 
15,725  square  miles;  and  1,578  distinct  quartz  leads  had  been 
proved  to  be  auriferous.  Many  of  the  quartz  veins  when  eticloj^ed 
in  sedimentary  rocks,  traverse  the  planes  of  bediling  at  considerable 
angles,  and  are,  therefore,  entitled  to  be  regarded  as  true  veins. 

From  a  report  on  the  mineral  resources  of  the  district  between 
the  Charters  Towers  gold-fields  and  the  coast,  published  in  1879,' 
"we  learn  that  gold  in  small  quantities  has  been  found  in  the  gravel 

•  B.  Daintree,  "  NoUs  on  tlie  Goology  of  the  Colony  of  Queensland,"  Quart, 
Jour.  Oeol.  Sm.,  vol.  xiviii.  1872.  p.  292. 

'  "  Kote  on  certain  Modes  of  Occurrence  of  Gold  in  Austialin,"  ^warl.  Jo%tr.  Grol, 
Soe.,  vol.  xsiiv.  1878.  p.  431. 

*  Rnlwrt  L.  .lack,  "  Rpport  nn  the  Geology  mid  filineral  Ursoiircps  of  tlio 
District  between  Chailerg  Towers  Gold-fields  and  the  Coast,"  Biialanr,  157 P. 
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of  tbe  livers  on  tbe  cofist  side  of  the  range.    Areas  occupied  by  reeot 
alluvial  deposits  are  met  with  at  Brennan's  Creek  and  Moesmftit'i 
Creek,  and  another  extends  fur  some  distance  along  Sandy  Creek 
Some  narrow  strips  of  alluvium  on  creeks  to  the  south  of  C'harten 
Towers  have  yielded  considerable  quantities  of  gold,  but  the  narrov 
alluvial  flats  on  many  of  the  small  streams  have  been  almost  com- 
pletely worked  ouL     Some  of  the  tributaries  of  the  Little  Stu 
River,  more  especially  that  known  as  Dry  or  Scrubby  Creek,  bat* 
for  many  years  attracted  a  few  minera,  whose  desultory  labours  lux^ 
been  on  tbe  whole  fairly  rewarded.     The  drift  of  the  Little  RtJ 
Bluff  and  the  deep  lead  in  connection  with  it,  have  been  repeatedly 
tried  for  gold,  but   with  very  indifferent  success ;   although  tbe 
number  of  shafts  sunk  in  the  basalt  sufficiently  attests  the  eanie*t- 
ness  with  which  the  work  was  formerly  carried  on. 

From  an  examination  of  the  shafts  which  remained  open  at  Ltic. 
time  of  his  visit,  Mr.  Jack  arrived  at  the  conclusion  that  but  few  of 
them  had  reached  the  true  bottom.  The  deep  lead  to  tlie  soutli- 
east  of  Millchester  employed  tlie  labour  of  a  considerable  number  of 
diggers  in  the  year  1S72,  when  a  good  many  made  considerabl« 
profits.  Mr.  Jack  considers  that  in  this  district,  generally,  it  would, 
in  the  first  instance,  be  prudent  to  confine  operations  to  leads  in 
the  vicinity  of  known  auriferous  reefs ;  and,  for  the  benefit  of  intend- 
ing explorers,  quotes  Daintree's  observation,  that  it  is  doubtful  if 
any  marine  or  extensive  lacustrine  beds,  except  on  their  shingle 
margins,  have  produced  or  are  ever  likely  to  produce  remunerative 
workings  of  free  gold,  for  the  simple  reason  that  the  majority  of  the 
sediments  of  which  they  are  composed  are  derived  from  formations, 
the  greater  part  of  which  were  non-auriferous. 

Over  the  whole  of  the  Pre-Devonian  metamorphic  area,  quartz 
reefs  arc  numerous  and  the  soil  is  strewn  with  quartz  fragments; 
from  which  it  is  probable  that  some  of  the  gold  may  have  found 
its  way  into  the  various  streams.  Numerous  <lykes  of  diorite  occur 
throughout  the  district,  and  copper  and  tin  ores  in  considerable 
quantities  have  been  obtained  from  the  district  north  of  the 
Burdekin. 

Tbe  rich  gold-field  of  Charters  Towers  occupies  the  westeni 
edge  of  an  area  of  ordinary  and  syeuitic  granite,  bordering  on  the 
little  altered  slates  and  grits  of  the  Sandy  Crt-ek  district.  It  is 
only  when  the  reefs  of  this  district  are  laid  down  upon  a  map  thjit 
any  idea  can  be  formed  of  their  general  mode  of  arrangement. 
They  are  then  found  to  diverge  like  rays,  from  a  cummon  centn^' 
to  which  they  do  not  extend,  and  as  there  is  a  h'  3''° 
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the  circle,  which  commences  about  10"  east  of  north,  a  sort  of 
ireeshoe  shaped  figure  is  the  result.  The  lodes  thus  radially 
disposed,  wheu  seeu  from  near  the  poiut  towards  wbidi  tbey 
converge,  dip  in  the  eastern  half  of  the  circle,  for  the  most  part, 
to  the  left,  while  in  the  other  half  their  inclination  is  usually  to 
the  right  of  the  observer. 

A  large  proportion  of  the  reefs  in  the  Cliorters  Towers  district 

enclosed  in  granite,  but  they  also  sometimes  occur  in  porphyry. 

le  veinstone  is  principally  quartjs,  containing  iron  pyrites  and 

•hotine,  both  of  which  are  auriferous,  but  tiiore  particularly  the 

iter;  pyrites  containing  gold  is  also  present  in  the  clay  selvages 

some  of  the  veins,  but  the  amount  is  usually  not  sufficient  to 

Teave  a  profit  on  the  process  of  extraction.     As  long  ago  as  the 

year  1S79  some  of  the  quartz  mines  in  this  district  had  already 

attained  a  depth  exceeding  eighty  fathoms. 

The  following  table,  conjpiled  from  official  sources,  shows  the 
weight  and  value  of  the  gold  exported  from  Queensland  from  the 
beginning  of  18G1  to  the  close  of  the  year  1882. 


IBLE     SnoWISfi     THE     WEIGHT     AND     VaLCTE    OP    GoLD,    THK    PBODt'CE    OF    TUB 

Colony,  Expokted  from  Queensla.vd  dubino  the  followixo  VjjAns. 


T««. 

QiuiiUtr 

Valun. 

Year. 

Qniintitr. 

V»]at. 

01. 

£ 

M. 

£ 

1861 

1.077 

8,928 

1872 

186,019 

660,306 

1862 

189 

625 

,      1873 

194,895 

717,540 

1863 

3.936 

14,802 

1874 

375.687 

1.866,071 

1864 

22,037 

83,292 

1875 

891,515 

1,498,433 

1866 

25,339 

92,938 

1876 

874,776 

1,427,929 

1866 

22,916 

86,661 

1877 

3.53,266 

1.307,084 

1867 

49.092 

189,248 

1878 

283,592 

1.052,490 

1868 

165,801 

593.516 

1879 

281,552 

1.023.237 

1869 

lS8,a21 

623.045 

1880 

228,120 

820,643 

1870 

136,773 

489.639 

1881 

259,782 

925,018 

1871 

171,937 

616,007 

1882 

280,090 

829.665 

TutftlB 

3,896,512 

14.311.901 

Copper. — We  are  without  detailed  information  relative  to  the 
mo<le  of  occurrence  of  copper  ores  in  Queensland,  but  the  range  of 
this  metal  in  the  colony  is  very  considerable,  extending  as  it  does 
from  West  Moreton  on  the  south,  up  to  the  Cape  York  country 
in  the  north ;  and  from  the  seaboard  on  the  east,  far  back  into 
the  western  regions.      Among  the  known  localities  which    have 
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produced  copper  tbe  following  may  be  mentioned,  namely ;— flak 
Downs,  Mount  Ferry,  Copperfteld,  Mount  Norma,  GUen  fama, 
Gloncurry,  Kroombit,  E<tina,  Greasbrook,  Kennedy,  BawbaD^ 
Mount  Flora,  Mount  Orai^,  Mount  Greentop^  Cfaarten  Tmno^ 
Drummond,  Boolboonda,  Mount  Haqaur,  Mount  Gotthatd,  Hla- 
dale.  Great  Blackall,  Mount  Clara,  Teebar,  Manna,  Widos 
Konnandy,  &c.* 

At  the  Peak  Mine  igneous  and  metunorpbie  rocks  predomhii^ 
the  Peaks  giving  tbe  name  to  the  locality  being  entirely  oook 
posed  of  partially  decomposed  trachyte.  An  amygdaloidal  dokrite 
sometimes  contains  patches  of  copper  ore,  and  acnne  of  the 
cupriferous  traps  are  said  to  very  closely  resemble  those  of  the  Like 
Superior  copper  mines.  As  early  as  1870,  29,168  tons  (tf  20  per 
cent,  copper  ores  had  been  raised  from  this  property.  About  that 
period  a  lode  two  feet  in  width,  running  east  and  west,  was  cut  at  a 
depth  of  forty  fathoms  from  the  surface  and  traced  for  a  distance  of 
250  fathoms.  This  discovery  was  followed  in  1873  by  that  of  anoUier 
lode  containing  large  quantities  of  black  oxide  of  copper.  In  fife 
years  the  dividends,  on  a  nominal  capital  of  £100,000,  reached  the 
sum  of  £213,250,  besides  which  £53,577  had  been  written  off  the 
value  at  the  mine.  The  company  had,  bowev^,  subsequently  to 
contend  with  very  serious  difficulties ;  the  land  transport  to  the  place 
of  shipment  was  over  250  miles,  and  miners'  wages  ranged  from  three 
to  four  pounds  per  week.  A  decline  either  in  the  shipment  of  ore 
or  in  the  price  of  copper,  consequently,  very  seriously  affected  the 
undertaking,  which  was  eventually  closed.  A  mine  has  been 
worked  at  Moxmt  Perry  upon  nearly  vertical  veins  enclosed  in 
granite,  but  the  position  of  the  locality  with  respect  to  the  port 
of  shipment  renders  the  transport  of  ores  very  expensive. 

Very  large  quantities  of  copper  ore  are  said  to  occur  in 
Palajozoic  rocks  at  Gloncurry,  w^hich  is  however  unfavourably 
situated  with  regard  to  transport,  being  on  the  western  side  of  the 
main  dividing  range  and  500  miles  from  the  shipping  prat  of 
Townsville. 

At  the  Kennedy  Gopper  Mine,  near  Sandy  Greek,  west  of  the 
Star  River,  the  lode  shows  a  large  outcrop  in  porphyry,  and 
courses  about  35°  east  of  north.  At  the  Great  Northern  Gopper 
Mine,  in  the  Upper  Star  basin,  a  lode  occurs  in  clay  slate  between 
two  masses  of  granite.  Only  three  copper  mines  are,  at  the 
present  time,  working  in  the  colony. 

>  Junes  Bouwick,  "  B«Morccs  of  Loadm,  188S. 
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The  following  table,  compiled  from  official  sources,  shows  the 
leight  and  value  of  the  copper,  copper  ore  and  rcgulus,  exported 
>m  Queensland,  from  the  commence nient  of  1872  to  the  close  of 
lie  year  1880. 


JPPEG,  CopPKR  Ore  and  Reoulu^,  the  Propuck  of  the  Cotomr,  ExroBTXO 

rROM  QdXENSLAKD  UUaiKG  THE  rotLOWJMO  Yeaiih. 


Xru. 

bigota. 

Ore  oiul  Rctrnliu. 

TutaL 

Quantity. 

VllVB. 

QuMtity. 

Value. 

QiuuUtjr. 

Value. 

Tons. 

£ 

T.UIB. 

£ 

Tonii- 

e 

1872 

2, 88(5  J 

234.610 

1,013 

23.183 

3,829) 

257,728 

1873 

2,339i 

133,47it 

413 

11,220 

2,757i 

200,609 

1874 

l,7tiO 

im,038 

l3Si 

3.658 

1,9023 

149.fi96 

1875 

l,2i)l 

105,r.-l£> 

219 

5,714 

1,510 

111,263 

1878 

2,056 

170,881 

4  IS 

1,51)1 

2,102 

172.382 

1877 

1,920 

105,601 

311 

1,736 

1,959 

187,337 

1873 

4noj 

32,825 

63J 

2,301 

674} 

85,126 

1879 

49U 

32,641 

87 

2,160 

666^ 

34,7111 

18S0 

Slli 

1»,270 

UJ 

858 

320 

20,137 

Totak  . 

13,5&0j 

1,003,833 

2,087i 

52,821 

15,028 

1,149,154 

During  the  year   1881    Queenslaud  proiluced   3,220    tons   of 
jpper  ore  of  the  i-ulue  of  £5,.520,  while  in  1882  the  production 
lovmted  to  1,300  tons  of  the  value  of  £13,000. 

Tin. — Mr.  T.  F.  Gregory  was,  in  July  1872,  sent  to  report  upon 
le  tin-fields  at  the  Severn  River,  in  the  district  of  Darling, Downs 
juth.^  He  describes  the  stanniferous  area  of  Queensland,  as 
as  was  then  known,  as  being  comprised  within  the  following 
its.  "Commencing  on  the  main  dividing  range  between  the 
Btern  and  the  western  waters  at  Lucky  Valley  Gold-fields,  near 
ic  head  of  the  Condamine  River,  the  northern  boundary  extends 
a  west-south-westerly  direction  for  about  twenty-five  miles, 
sing  fifteen  miles  south  of  the  town  of  Warwick  to  the  head 
of  Pike's  Creek  on  the  Pikedale  Run ;  from  this  point  it  is 
bounded  by  a  slightly  curved  line  extending  south  about  twenty 
miles  to  the  Severn  River,  three  miles  below  the  Ballandean  Head 
Station,  where  it  trends  south-east  for  twelve  miles  further,  meeting 
the  boundary  of  New  South  Wales  at  the  Tenterfield  Run ;  thence 
the  crest  of  the  watershed  which  forms  the  boundary  between  the 
two  colonies,  embraces  it  in  a  north-easterly  and  easterly  direction, 
lack  to  Lucky  Valley,  the  area  comprised  being,  in  round 
>  Quart.  Jour,  Cfeol.  Soe.,  vol.  xxix.  1878,  p.  1. 
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numbers,  five  hundred  and  fifty  square  miles  in  extent.  Of  tlL? 
area,  however,  only  about  two  hundred  and  twenty-five  squan 
miles  have  hitherto  been  found  sufficiently  rich  in  tin  ore  to  jw 
for  working." 

The  physical  and  geological  character  of  the  whole  of  tLt 
area  described  is  that  of  an  elevated  granitic  table-land  iutersectcd 
by  ranges  of  abrupt  hills,  the  highest  of  which  are  about  three 
thousand  feet  above  the  sea  level ;  its  eastern  escarpment  fonu 
the  watershed  of  the  Clarence  River,  the  northern  that  o(xk 
Condaniine,  and  the  south-western  that  of  the  Severn  and  Mclntjre 
Rivers.  Tite  richest  deposits  have  been  found  in  stream  beds  audio 
fiuviatiie  flats  on  their  banks,  the  productive  ground  varying  from 
a  few  yards  to  five  chains  in  width  but  occasionally  brokeo  by 
rocky  bars.  In  such  cases  large  deposits  are  frequently  lodged  in 
the  spaces  existing  between  the  various  granitic  boulders.  The 
aggregate  length  of  these  stanniferous  bauds  was  estimated  lir 
Mr.  Gregory  at  about  one  hundred  and  forty  miles  on  the  Serera 
River,  and  about  thirty  more  on  the  tributaries  of  Pike's  Credt. 
At  the  date  of  Mr.  Gregory's  report,  the  tin  lodes  which  bad  hta 
discovered  were  but  very  imperfectly  tested. 

The  discoveries  of  tin  ore  made  about  the  end  of  1879  ui 
tlio  beginning  of  1880,  in  the  Wild  River  and  Great  Westeni 
ilistricts,  liave,  however,  entirely  eclipsed  all  previous  oufs. 

Thd  lIi'rl)erton  Tin  Mines  are  situateil  on  the  slojies  id 
crests  of  sj)urs  from  a  great  granitic  mountain  range,  which  ruiu 
nearly  north  and  south  at  a  distance  varying  from  fony  to  fitt? 
miles  from  the  coa.st.  The  tin  claims  are  chiefly  on  the  slopes  d 
the  mountains  which,  at  a  (listaucc  of  less  than  a  mile,  entirely 
.surround  the  town.  The  summit  of  the  range  is  on  an  average 
from  six  to  seven  hundred  feet  above  the  level  of  tiie  Wild  Rivcr. 

Acconling  to  the  Rev.  J.  E.  Tenison-Woods,^  the  workings  art 
of  three  kinds  : — 

First,  tliose  in  which  the  tin  ore  has  been  scattered  on  tiie 
surface  of  slopes  beneath,  and  in  the  immediate  vicinity  of,  aide. 
The  sec()nd  kind  of  workings  consists  in  (luarrving  out  maiss. 
of  tinstone  oecniiTing  on  tiie  backs  and  outcrops  of  lode.s.  Such 
bunches  are  due  to  tlie  retention,  in  its  origiiuil  position,  of  tbt 
cassiterite  present  in  the  veins  ;  while  the  ligliter  impurities,  with 
which  it  wa,s  originally  associated,  have  heen  removed  bv  dis- 
integration and  tlie  mechanical  acticm  of  water.     The  third  clas 

'  Rfv.  .1.  K.  TcniMon-Woodfi,  "  licimrt  on  the  Wild  Kivttr  aud  Great  Western  Til 
Mines  (near  JlerlK-rton),"  Brihbam-,  1861. 
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of  workings  consists  of  ordinary  mining,  where  shafts  are  sunk  and 
levels  driven. 

As  far  as  they  have  been  hitherto  explored,  the  lodes  in  this 
neighbourhood  are  both  wide  and  exceedingly  rich.  They  vary  to 
some  extent  in  their  direction  and  dip,  but  are  commonly  nearly 
vertical.  At  Herberton  the  average  direction  will  be  somewhat 
east  of  north  and  west  of  south ;  but  on  the  western  »u]e  of 
■the  granitic  range  the  average  direction  is,  on  the  contrary,  more 
frequently  west  of  north  and  east  of  south. 

The  Herberton  mines  are  on  the  Wild  River,  and  on  the  eastern 
side  of  the  granite  range ;  but  on  the  western  side,  at  a  distance  (>( 
"between  six  and  seven  miles,  on  the  sources  of  the  Tate  and  Wa.-h 
S>ivers,  there  is  a  second  stanniferous  area,  known  aa  the  Gn.-at 
Western  tin-field.  The  granites  of  both  regions  are  es.sentially 
composed  of  orthoclase,  quartz,  and  black  mica,  and  the  tin  ore  is 
sometimes  accompanied  by  wolfram. 

A  peculiar  feature  of  the  metalliferous  deposits  of  the  Or'.at 
Western  area  is  the  outcrop  of  several  copper  I  des.  which  ••■.•iji'.- 
times  carry  rich  ores.  Tlie  f<.li':-wing  description  by  Mr.  Jar-k  of 
one  of  the  li>caliiie.=8  which  he  visited,  will  ser\-e  to  converj-  .-  .m-^ 
idea  of  the  general  richness  of  the  dep-^sits  in  this  district.^ 

"Prospectors'  Gully  foils  west-nonh-wc-st  into  the  Wi.  i 
River.  At  the  date  of  my  visit  the  greater  part  ot  the  }y.'.'.-.ui 
had  been  cl'.-ane«j  for  ab>ut  IJ  mile  up  the  e^'AW  and  the  •\ii'^'t:- 
dirt  stacked  reaijy  f-ir  slaioinj.  H-re  and  there  lay  gr-:.:i;.-  •;: 
boulders  of  tin  ore  eaihere<i  ou:  <:i  ^Le  wjiL-iirr:  manv  of  •:.••:.. 
nearly  100  lbs.  in  weizht.  These  lar.-e  bv-lier?  sTopy^  ar,-..*  4 
quarter  mile  up  the  zully  bel  ■  "^  a  r=e:  ■:■:  •r:iiLT'a  sLo's'iLi'  -.ir.  re  ir. 
large  lumps,  which  ia  s.~2.  on  :Le  ri^L":  \.:\r  £  ■::  ::.e  '-:\-y  i*r-.j::r._' 
S.  10"  \\.  to  N.  Hr  E.  Tie  wasL^i-^  -  -:-_-  r^  Ij  4i>;Te  •:>.:* :  -t  :s 
characterised  by  liner  ?:rr:isi  tia. 

"  Shortly  abive  the  li'ie  tLe  z~S..j  sz'.'-.'Ji  :z.v.  :£.r*e  In-- :.-:*. 
Between  the  3»">uthiii»xi':  ani  n:::-ile  iriz.;Les.  l^nw  ::  '.r-.   ::  ::. 
tlie  size  of  marbles  to  tie  size  •:■:  ezr*  i"'-."*  "-e  •  -  rii.-.e  '.-  •--'-•  :. .     - 
Sng  quantities.     WitLoat  rL--jriz.z  -.n  \-~  st*-*.    le  zz-'-irr  --.-.. y 
j^ther  a  stone  weigit  -.f  •;ri  ilzi.sr:  \r.j^\^r'.  '"  :-:v :...-.:;     .-  ;..- 
two  hands.     The  wr.-:Ie  ::*  •Le  ■  rT;r:V>r    'z.-.:-.  ». v. >-...;  ta;    ^ 
wash.     This  surfaix  or*  le^i»  tz  *;  '}.--.  ■..-:-:-&:  }'.7-.:.'.r:.  -'-.  • 
the  Prospectors.     AsLar:  Lis  ':»iez.  •'zzlc  .c  '.ij  v,  v.e  "i^-r      •  .  .• 
to  ten  feet.     Twenty-sLi  v.c?  •.■:  .r-:    :  .~'a:l.-.£  v.  yi7  •*■.■.'    .:"   ■ 
Lave  beenraiieii  frin  zLii  icJ:  ir.-.  •>.■■.:.' 
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'i  Ob»6rviitton»  made  during  this  ©jtamination  led  Mr.  Jtnk  t) 
the  conclusion  that  the  liristtjiie  waa  originally  iQ  the  form  >i( 
dUH^miaatfsd  crystals,  which  have  become  concentrated  bj-  ilu> 
weAtberitig  of  their  matrix  during  a  long  periotl  of  Mih^onil 
deondation.  Two  distinct  types  of  tin-bearing  rock  were  mH 
with,  nnnidy,  quartz  retTs,  ami  eniptive  d^'kes,  Mauy  nf  tin 
latter  are  to  bo  passed  at  various  |iointB  along  the  rotks  on  iLi 
boundary  between  QneensLind  and  Now  South  Walvs,^ 

Thf!  nuH)b<T  of  tin  streams  imd  tin  ruim-s  in  op>eration  in  th 
colony  during  the  year  1881  amounted  to  174,  but  no  deep  Icdi 
ajqpear  to  have  been  worked  under  the  b.isait.  On  referring  toll* 
fi>Uowiiig  fjJjlit  the  enftnnous  ii  •  in  the  production,  consprjiinit 

Upon   the  diacovery  of  the  V  Liver  and    Great  Weiturti 

deposits,  cannot  fail  to  be  ubser 
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During  the  year  1882  Queensland  exported  ilS  toos  d 
argentiferous  lead  ores,  representing  a  value  of  £0,479. 

South  ArsTBAUA. 

Mining  operations  have,  for  inany  years,  been  eitensivdy 
carried  on  in  various  parts  of  South  Augtralia,  the  most  impcrtuit 
minerals   hitherto  found  being  ores  of  copper.     Gold,  altfaongli  tt 

"  Proeetdingt  Beyal  Ocogr.  &c.,  vol.  v.  1888,  p.  101. 
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'feome  exteut  present  in  tho  majority  of  its  rivers  and  streams,  is  by 
no  means  abundant.  With  regard  to  the  mode  of  occurrence  of 
argentiferous  lead  ores,  which  have  been  produced  in  considerable 
quantities,  we  are  without  detailed  information.  Until  within  a 
very  short  time  South  Australia  hfis  been  without  a  Government 
Geologist,  and  consetjuently  but  little  is  accurately  known  of  its 
geology;  while  with  regard  to  its  mineral  productions  we  have 
scarcely  any  information  beyond  that  supplied  by  various  statistical 
tables. 

Gold. — Mr.  G.  H.  F.  Ulricli,  who  visited  South  Australia  in  the 
year  1872,  describes  the  principal  localities  in  Avhich  gold  mining 
was  then  being  carried  on ;  the  most  important  gold-fields  being 
the  Ulooloo,  the  Blumberg,  the  Barossa,  and  theEchunga,  but  gold 
•was  also  obtained  at  the  Jupiter  Creek  Diggings  and  elsewhere.^ 

The    Ulooloo  gold-field   is  situated   some  twenty-five  miles 

north  of  the  celebrated  Buna  Burra  Mine,  within  an  area  forming 

part  of   the  extensive  northern   region    which    has  been  piuved 

to   be  rich   in  eoppter  ore,  but  in    which  the    existence  of   gold 

•was  at  one  time  thought  doubtful.     The  rocks  throughout  this 

portion  of  the   field    consi.st   of  flaggy,  grey,  brown,  and  bluish 

slates,  alternating  with  massive  quartzitea  and  gritty  sandstones. 

All  these   rocks  are  traversed  by  quartz  veins,  apparently  in  all 

respects  similar  to  those  met  with  several  hundred   miles  further 

north,  which  have  been  regarded  as  exhibiting  an  auriferous  aspect. 

Unfortunately,  however,  t}ie  non-discovery  of  fossils  in  the  rocks  of 

either  of  these  localities  precludes  the  po.ssibility  of  establishing 

their  geological  relations.     This  field  contains  numerous  deposits 

of  auriferous  shingle  brought  down  from  the  surrounding  ranges, 

and  these  may  be  divided  into  two  classes. 

The  more  recent  deposits  are  .shingly  drifts  occupying  the  beds 

of  creeks  which  have  been  for  the  luost  part  eroded  to  the  depth 

of  several  feet  in  slaty  rocks,  and,  as  the  surfaces  of  these  gullies 

are  generally  remlcred  very  imeven  by  joints  and  fissures  along 

cleavage  ])laues,  the  collection  of  the  wash-dirt  becomes  a  slow 

and  troublesome  operation.    The  older  deposits,  on  the  other  hand, 

form   banks   of  from    G    to    20   feet  in    depth,  chicHy    comjtosed 

of    clay,    sand,   and  shingle,    lying    between    the    principal    and 

branch   creeks.     Theae  are  generally  richer  in   gold  than  those 

belonging  to  the  other  class.     The  principal  diggings  at  Ulooloo 

^^£xtend  for   a  distance  of  about  a  mile  up  a  main  branch  of  the 

^^■reek,  and  the  slightly   water-worn  character  of  the  gold  found 

^^B  '  "  Mineral  Resources  North  of  Port  Augusta,"  p.  19,  Adelaide,  1872. 


^■^-"— ^-'^-  [l^ltl,, 

V  ..;.  :  ^-.r^  .-  -  .-..;.  -i-.t  -:.:l-  -.'^-^  :^.~.:i  V-ecce  it  was  originjli; 
.-■r':-.    :■!..:.:  '.  :*■.  :.   :.»."■■:-;  it  lcj  _•.  :.«i;Trsi«.rf  Jistauce. 

Z'.'-.  -•i.r  .■  ■..-:  z- ;.v- ■.•;.-i  i  .-•;-=-:-;  ire  partlv  of  an  erajitiis 
!..:■:  '.»i.—  "  1  "..•:  ■-i..'..'.rr.i„i.  :c.Ln».'.-Tr  Tltt  consist  of  micujciiat, 
■..,.■■;  :..!  'it  ■r.-\.i  . -i_""z: ".-:■*.  «i:i<1t"-. :.ts.  ix.-;  fiajrstones,  aal  in 
v-i  T.--:-:  -.  -  -r. -.-:--.  zji-r-  iz..:  -.t  Trrmcons  tf  a  veiy  Mgij. 
.•:..■.:•:  .-..■..-.-:  .^.i.-ii.'-:r_j^:  ;-  •.•."^.z.:^^  .ir^e  mstakof  ifc 
•.. .  ■:..  I .-.  i. .  .  -.--  --rr  T-ir.Tf  fr;v.  -.Lr-r-  :o  Eve  feet  in  tLicksa^ 
;.-. ;  i'  •. . :  '.-.r.t,.-.    •._{..?-..«  .:'  -.r. -s^  iii  ttU-.-w  ni'.'itleJ  samismj 

.  .i;  -    -.tr:--:!-:  -.  ▼  .  ■;:l  .j   i.  ^lJ-.C   .  Z  ZT  .  1.      '-r  '.:•  IW'>  fret  IL  thifk]««, 

:-.-_r.r"  "-i  .•'  k  •_  TT-.-t  .:'  ._tj  i::-:  iCi-iir  'jUjUz-irTarel  t(<tii( 
..-.  i.  s."  '-.•"..•-.  .•.-„z»;-i»T':  .:  =-.;-A  i..L:s:.  WiitrevertLis thia 
. --.  •.  -.  --.-•: I- -  -i  -•«  L  r;-  :.-;::•:  r:::;.ui.rratively  aurifetttai^ 
:•.  i  ;••  -  .•-•-.-r':  ■>•:■.  -•;--:r  i?  I.«.-?»7  tick?  if  qnartt  Ik 
_•  .:  ;.•:  •.-.r  .^•-  .'.  :  »  .rT*r,il.;^*  *!-*--^  cLarat-lw,  and  imr 
.'.,»"•--  :.•:--  :-"•  ;•:  :*  \:  z--^.:i  :^  •.■.■  v.-  vi.mrtv  i.i  the  disBiia 
"^.•..-  :  '.-T  iii.-i.'.'.-.'f  .:  il/:7iil  ^- '.i  tr.m  this  field  rewiiiilt 
'.:.':  <-..■..'.:•:  «:■■  :-.r-.Tj  :.M  zr.::.  i':.-:  x....nhn^m  guld-fieHsof 
•^  >:-:.-li.:. !  •«■: :.':.  '.I'-rr-.  .■.•.-:.-*  ::.■:  ..:.>  :a  the  'irifts  butakii 
.:!•..»:.  iy!.;-.-  •.:. :  jr-rL^'.-.Lr.  Is.  :Lis  'iistrioT  various quaitt irt 
i.vv..-    fr  rn    ::£:;■.-  •••  '.iri-n:  i.-.ra  "srork^i.    but  m^t  genenlly  lilk 

'J':.-  };•.:  --.i  _•  !  i-r-'. :  :*  <i; :  v  'xKiMt  in  irs  t'.'j«  ;:rayl.ifil 
:  i  _•■  '  _■:  k!  !•  .' :z-' i  i :'.  *-■•  r-. ~  :• '■  i.'.i.- •.•  :■  *-.i:  t- ■ !  tlnrVirt.iia 
;.•  :-  •.:.■:•■  *:.•  jr  •.•*.:■.■..■  .  ■■•..  :ii,_-  i. :'  i<ij;.>.  i<  :iW.ii'.  Th^ 
|.r..'i-  :;•:.  •;•  i--;-  :-  jt-^  ■.t.'.y  ■  :  P!:  -  i-i.v  ;i_"-.  •."•.!isi<t;i.«' •!  r.'Uiiiei 

■  it  }■  rin.ii.' i;- 'i';-!!'/-.-  ..•••tijlvii;cr:iU-.  r..:ii  ri.tr  ••M-.t  iitiifft 
i.t-i.t  i!r.f->  :ir'-  .I'lr:!- r-'i< ;  I'lil  van  ':>  i^i  ri.i:n>t;iii<  «•«;•■  :■■ 
.-lii,-.v  tli.it  tlii-  '_'..!.!  ill  tin.-  latter  was  luaiu'y  .:«.-iiv«..j  from  tLtCr 
iiiti-_M;itiiiii  r,f  ilif  f.irriivr.  Fn-iii  \\iv  fii't  i?  at  a  ]>.>r;i"n 'f'lr 
;.'<.Iil  fi.iiinl  in  till'  iin.ro  n-o.-iit  alluviuin  is  K  s<  w;t:.  r-woni  ;ub 
is  tliJit  ficiiii  tlif  oMi-r,  tin-re  is  a  j.rnbal'iiity  that  rii;riitr.i:5ii';irc 
n,'-l's  f-xist  witliiii  tin;  limits  «>f  tliis  ix<ilil-lii-l»i. 

At  K(liuii;.'.*i  llu;  ^it'olngiial  ft-atiiros  *<(  tlit-  (••.•untn-  i! s!? 
rf><iiil)Ii-  ilid.^f  (icrurrin^  at  Uarossa.  naiiicK  a  Jnf:  d  w- 
haliiv  oliltr  I'li<«<'iu;  a<,'«.',  OdinjMisnl  of  nMindoil  <iUiirtz  itU-.^ 
Dpliiiarv  tli'ift,  aii<l  cnnjilnincratc, (xonjiyiiisi  tlu'  si >]>os  an'i  JuaniTJ 
iif  tolcrahly  liijfli  raii<ri's.  S<»nie  oi  the  quartz  K-atls  in'tfi 
KoliI-fii-M  have  Iwcii  ratln-r  t-xtcnsivcly  prospected. 

At,  least  a  portion,  if  not  the  chief  l>art,  of  the  p>V\  f'Sti 
in  JnpitiT  Creek  has  liki-wisi-   hieii  derived  from  denuded  ciit' 
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drifts,  as  ia  sliown  by  rich  ceiueuted  cakes  and  surface  patches 
composed  of  rounded  quartz  pebbles,  worked  on  the  hill  side.  Since 
the  gold  in  the  gully  is  cither  hackly  or  only  slightly  rounded, 
and  as  specimens  of  auriferous  quartz  are  of  frequent  occurrence, 
there  can  be  little  doubt  that  one  or  more  <[uartz  reefs  must  exist 
somewhere  near  the  head  of  the  gully. 

Mr.  J.  A.  Plunkett  states  that,  although  a  large  amount  of 
money  has  been  expended  in  quartz  reeling  in  the  northern  terri- 
tory, and  a  good  deal  of  quartz  has,  in  the  aggregate,  been  raised 
and  crushed,  quartz  ruiuiuy  has  not  Ijeen  fairly  tried.  Many 
claims  have  been  superticially  tested,  while  not  a  sufficient  number 
of  them  has  been  systematically  worked.  The  average  yield  from 
the  commencement  would,  however,  he  believed,  exceed  one  ounce 
of  gold  per  ton  of  stone  crushed.^ 

The  principal  reefs  to  which  attention  has  been  directed,  taking 
them  in  order  from  north  to  south,  are  the  following : — The 
Stapleton  Reefs,  the  Huwley  Reefs,  the  Britannia  Reef,  the  Yam 
Creek  Reefs,  the  Extended  Union  Reef,  the  Union  and  Lady  Alice 
Reefs,  and  the  Pine  Creek  Reefs.  Of  these  the  Union  and  the 
Laily  Ahce  Reefs,  with  the  Pine  Creek  Reefs,  are  the  only  ones 
which  have  been  worked  upon  anything  like  an  extensive  scale. 
With  the  exception  of  one  or  two  reefs  which  run  nearly  due 
north,  their  course  is  either  north-westerly  or  north-north-westerly, 
and  in  some  cases  they  can  be  traced  for  a  considerable  distance. 

In  the  year  1875  the  total  result  obtained  from  thirty-three 
distinct  crushings  of  quartz  from  the  northern  territory  of  South 
Australia  wa«  as  follows ; — 

Quartz  treated,  2,782J  tons  ;  gold  obtained,  4,327  oz,  18  dwt., 
a  little  more  than  1  oz.  12  dwt.  of  gold  per  ton  of  stone  treated. 

No  detailed  statistics  of  the  gold  production  of  South  Australia 
appear  to  have  been  officially  ptiblished,  but  it  is  semi-officiallj 
stated  that  up  to  10th  December,  18SI,  130,000  oz.  of  gold,  valued 
at  £*50.000,  had  been  exported  from  the  colony. 

Copper. — The  history  of  copper  mining  in  South  Australia 
dates  from  the  year  1843,  when  the  Kapuii<la  Mine  was  discovered 
on  a  sheep  run,  fifty  miles  north-east  of  Adelaide,  Smelting 
for  regulus  was  commenced  in  1849,  and  the  process  was  sub- 
sequently extended  to  the  manufacture  of  fine  copper.  Tlie  Burra 
Burra  Mine  was  discovered  about  two  years  afttr  the  Knpiinda, 
from  which  it  is  distant  some  forty-eight  miles  in  a  northerly 
direction.     The  total  quantity  of  ore  raised  from  the  Burra  Burra 

'  "  South  Atutmlia,"  edited  b;  William  Hnrcus,  p.  169,  London.  1876. 
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Mine  during  twenty-one  years  from  its  commencement  was  215,1 
tons,  giving  an  average  produce  of  22  per  cent.,  and  worth  oi 
£4,000,000.  For  some  years,  however,  the  yield  of  ore  from  ll 
mine  has  been  comparatively  small. 

There  are  two  lodes  at  Burra  Burra,  both  striking  north-we 
and  south-cast  and  dipping  north-east  at  an  angle  of  about '(/' 
The  rock  forming  the  foot  wall  of  Allen's  Lode  is  a  "  serpeotUKXK 
limestone,"  massive  and  compact ;  while  the  rock  on  the  iiai^ 
side  of  Kingston's  Lode  is  composed  of  very  thin,  highly  m^ 
beds  of  non-fossiliferous  limestone.   The  veins  would  seem  tocsoe 
under  the  class  known  as  contact  veins,  but  as  no  workings  lat 
made  south  of  their  junction,  and  no  section  of  the  coustrrmi 
exists,  the  evidence  on  this  point  cannot  be  regarded  a8roiDplei& 
The  main  engine  shaft  is  sunk  to  a  depth  of  100  fathoms  fivis  tk 
surface,  and  there  is  no  adit.    Blue  and  green  carbonates  contiaoed 
to  a  deptli  of  from  forty  to  fifty  fathoms.     Red  and  other  oajei 
of  copper  as  well  as  metallic  copper  were  also  found  more  or  loi 
within  these  limits.     Between  the  50-  and  60-fathom  leveli  Itije 
"  horses  "  occurred  containing  vein  material  and  ore.    A  Mt 
below  the  70-fathom  level  erubescite  was  found,  while  b^na 
the  90-  and  100-fathom  levels  the  first  discovery  of  copper  pytilti 
was  made.i 

For  many  years  the  Burra  Burra  was  probably  the  ricbat 
co])))('r  iniiio  in  the  world,  but,  in  1860,  the  <iiscovery  4  tie 
Wallaroo  Mine,  Port  Wallaroo,  and  shortly  after  of  the 
Mine,  on  York«>'s  Peninsula,  within  the  next  two  years 
forniidahlo  rivals  into  the  field.  The  development  of  tk 
Wallaroo  Mines  was  exceedingly  costly,  and  a  large  amount  i 
capital,  aiii'nintiii<j  to  sonio  £80,000,  was  expended  hefore  uj 
adequate  returns  hail  been  made.  Since  the  year  1860  its  jio- 
gress  has  lu)wever  been  .satisfactory,  the  lodes  being  in  mam 
])laees  extraordinarily  lar<j[e  and  productive  ;  sometimes  measari^ 
nearly  thirty  feet  in  width  of  almost  solid  ore,  contaiuing  12  pa 
cent,  of  copper,  and  yielding  as  much  as  sixty  tons  of  ore  pa 
niniiint,'  fathom.  The  width  of  the  lodes  is,  however,  uiiuaUvfrHi 
five  to  U'u  feet. 

Tiieio  are  throe  distinct  lodes  at  the  Wallaroo  Mines,  aErf 
which  an;  enclosed  in  porpliyrite.  They  strike  about  2(i°S.ofl 
and  are  nearly  perj)enilicnlar  down  to  the  80-fathom  level.  Thai 
lodes  consist  of  a  series  of  large  lenticular  ma.sses  conncctetllij 
narrow   partings   in    the   country   rock.      There  are   many  am 

'   M'^.  uotis  fiirnislicil  In-  .Mr.  J.  DarliiiRton. 
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divisifins  against  which  the  ore  often  terminates,  as  well  as  others 
"which  slightly  shift  the  lodes.  The  principal  ores  to  a  depth  of 
15  fathoms  are  carbonates  of  copper ;  black  sulphides  between 
the  15-  and  25-fathum  levels;  and  copper  pyrites  from  the  25- 
fulhom  level  downwards.  The  porphyrite,  wliicli  is  the  country 
rock,  is  often  capped  by  limestone,  and  the  ores  on  an  average 
assay  about  1 2  per  cent,  for  copper. 

During  the  first  fifteen  years  after  the  opening  of  the  Wallaroo 
Mine  the  total  quantity  of  ore  raised  was  290,669  tons,  each  of 
21  cwts. 

About  a  year  subsequent  to  tlie  discovery  of  the  Wallaroo 
Mine,  a  still  more  valuable  find  of  copper  ore  was  made  eleven 
miles  to  the  south-we.st  of  it,  and  about  two  miles  from  the  coast. 
A  quantity  of  small  fragments  of  green  carbonate  of  copper 
having  been  found  lying  on  the  surface  of  the  ground,  pits  were 
sunk,  and  a  fine  lode  of  copj)er  ore  was  met  with  at  a  very 
inconsiderable  depth.  This  waa  the  commencement  of  the  now 
celebrated  Moonta  Mine.  At  this  mine  highly  inclined  masses  of 
porphyrite  are  covered  by  a  layer  of  conglomerate,  varying  from 
one  to  three  feet  in  thickness.  On  this  reposes  a  bed  of  stiff  red 
chiy  resulting  from  the  decomposition  of  porphyrite,  between  four 
and  five  feet  in  depth,  covered  by  two  feet  of  limestone,  above 
which  are  a  few  inches  of  sand  and  gravel.  The  principal  lodes 
are  three  in  number,  namely  :  the  Main  Lode  coursing  20"  N.  of  E., 
with  an  underlie  of  from  two  to  three  feet  per  fathom  west ;  Young's 
Lode,  with  a  <lirection  W  E.  of  N.,  and  an  underlie  of  from  three  to 
five  feet  in  a  fathom  west ;  and  Dominick's  Lode,  coursing  40°  E, 
of  N.,  and  underlying  from  four  to  five  foot  per  fatlmm  west.  The 
distance  between  Young's  Lode  and  the  Main  Lode  is  from  800  to  900 
fathoms,  and  between  the  former  and  Dominick'.s  Lode  from  70  to  80 
fathoms.  Other  lodes  are  sometimes  recognised,  but  it  is  prubahle 
that  they  are  all  either  branches  or  prolongations  of  the  above. 
The  average  yield  of  the  dressed  ore  is  about  18  peir  cent. 
During  the  first  twenty  months  after  the  opening  of  the  Moonta 
Mine,  8,000  tons  of  ore,  averaging  nearly  25  per  cent,  of  fine 
copper,  were  raised,  and  dividends  amounting  to  £64,000  were 
paid  from  the  proceeds.  The  average  yearly  return  from  the 
commencement  up  to  1876  was  18,220  tons  of  ore,  of  an  average 
yearly  value  of  £197,270.  There  are  various  other  mines  in  the 
neighbourhood  of  the  Moonta,  which  have  been  worked  with 
more  or  leas  successful  results. 

Copper  mines  have  been  ojtened  in  two  or  three  localities  near 
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the  River  Momy ;  azkd  at  Callington,  abont  thirty-six  miles  btna 
Adelaide,  in  the  directioa  of  the  Miirrar,  a  copper  mine  has  bea 
working  for  many  yeara  with  a  moderate  degree  of  success.  A  Uw 
miles  from  this  is  the  Huel  Ellen  Mine,  sitaated  about  three  milet 
from  the  town  of  Strathalbyn,  which  was  originally  worked  iat 
argentiferous  lead  ores.  The  lead  ore  ultimately  gave  place  to  oxidt 
of  copper ;  but  the  mine  ia  believed  to  be  at  present  anworked. 

The  most  extenaiTe  mineral  district  of  the  colony  is  that  lyiitg 
north,  uort.h-ea«t,  and  east  of  Port  Augusta.  Here  the  unaltered  sedi- 
mentary rocks  composing  the  tract  of  country  from  the  Buna  Bun 
Mine  northward,  show  as  a  whole  a  remarkable  uniformity  in  tboi 
lithological  characters.  The  same  rocks,  consisting  of  quartatei^ 
slates,  and  shales  of  varioos  textures,  sandstones,  congloojeratei^  sul 
siliceous  limestones,  recur  again  and  again  in  grand  auticliaal  snd 
synclinal  undulations  over  hundreds  of  miles.  As  no  txaoes  of 
organisms  have  anywhere  been  found  in  these  strata,  the  geologiol 
age  of  the  rocks  has  not  been  accurately  determined,  but  Hx. 
Ulrich,  who  visited  this  region  in  1872,  unhesitatingly  assigns  them 
to  one  of  the  older  epoclis  of  the  Paljeozoic  period.  As  a  rale, 
this  region  has  the  disadvantage  of  being  barren  and  comparatively 
waterless.  Timber  for  mining  purposes  is  absent,  and  comm' 
tion  with  the  seaboard  is  difficult  and  expensive. 

In  this  area  copper  ores  occur  as  impregnations,  in  pockets,  ia 
layers,  and  in  lodes  of  various  kinds,  but,  speaking  generally,  Mz.^ 
Ulrich   does   not   appear  to    have  formed   a  high  opinion  of  il 
capacity  as  a  mining  district. 

There  were  nineteen  copper  mines  in  operation  during  the 
1881.  namely: — Tudanamutana ;   Blinman;   at  Dora;    the  Dirvoi 
Consob   Co. ;    the  Hjunley  Mining  Co. ;  at  Kapunda    S«juth ; 
Moonta ;   the  Wallaroo  Co. ;    the  Yorke's  Peninsula  Mining  Co. 
the  Huel  Friendship  Mine;  the  Kuuamundoo  Mine;  the  Oarrci 
Mine ;  Leigh's  Creek  ;  NUdotte ;  Beltona  ;  Voca  Vocina ;  Gammon'»l 
Creek ;  Mount  Rose,  and  North  Mount  Rose.     Copf>er  ores 
the  most  important  minerals  of  South  Australia,  and  upon 
yield  of  its  copper  mines  the  prosperity  of  the  colony  to  no  si 
extent  depends,^ 

The  following  table,  compiled  from  official  sources,  shows  the 

weight  and  value  of  the  copper,  copper  ore,  and  regulus,  expartai 

from  South  AustraHa  from  the  commencement  of  185G  to  the  eol 

of  1881.  y^m  I 

»  "  The  AusttaW  '*  |».  873,  Lomlmi,  1888.  1 
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Tadue  showing  the   Quantity   and  Value   of  Copper,    Copper  Ore,   and 
Reofi.us,  the  Produce  of  the  Colony,  Exported  from  South  Australia 

DURING  the  following  YeABS  : — 


loBot*. 

Ore  anil  Fh>gn]i». 

Tut4l. 

Yeir. 

qomatHy, 

VnlBB. 

Qitmtltr, 

Vi>lu«. 

Qlmtitlll'. 

Vi4uc. 

Tom   twi». 

£ 

e 

Tom    cwU 

£ 

ISSO 

3,31d     0 

248,430 

0,639 

159,205 

11,758      0 

407,665 

1SS7 

2,844  13 

290,739 

8,116 

144,245 

10,959  13 

434,984 

i8&a 

2,389  16 

250,042 

6,851 

109,040 

9,240  19 

359,082 

1S&9 

2,837    6 

289,841 

7.447 

107,399 

10,284     5 

S97.240 

1S60 

3,271     » 

331,775 

8,335 

104,007 

11,606     9 

435,782 

1S61 

3,052     7 

294,572 

8,207 

152,874 

11,259     7 

447,446 

isea 

4,293  12 

400,591 

8,634 

143,781 

10,927  12 

644,372 

1863 

4,802     0 

477,944 

6,3S2 

84,917 

10,184    0 

662,861 

1864 

6,702  15 

637.791 

4,697 

40,605 

11,299  15 

678,386 

1865 

6,009  16 

433,795 

16,176 

184,677 

21.185  16 

618,472 

186S 

e,4S3  13 

684,509 

16,824 

225,683 

23,287  12 

610,192 

1897 

7,843    3 

627,384 

11,456 

113,969 

19,298    3 

741,353 

ISflS 

6,211    7 

400,691 

20,736 

207,732 

25.946     7 

603,423 

1869 

4,639    8 

371,566 

26,835 

250,259 

31,474     8 

621.626 

isro 

5,471     1 

394,919 

20,886 

173,861 

26,367     1  ' 

668,780 

1S71 

6,395  11 

518,080 

20,127 

119,903 

28,522  n 

687,983 

1672 

7,462  10 

880,714 

26,964 

122,020 

34,416  10 

802,734 

1873 

7.087    4 

635,131 

27,383 

133.371 

34,469     4 

768.502 

U74 

6,629     7 

657,308 

22,8.^4 

136,530 

29.483    7 

693,836 

1876 

6,841  16 

678,065 

26,436 

175,]01 

33,277  16 

753.106 

1376 

5,463    9 

427,403 

22,682 

164,597 

28,145    9 

692,000 

1877 

6,143  11 

399,602 

18,532 

165,408 

23,675  11 

662,010 

1878 

3,5<>4     6 

252,206 

17,007 

155,381 

80,801     6 

407,587 

1S79 

BMS  19 

217,186 

13,715 

134,202 

17,1183  10 

851,388 

18S0 

3,255    8 

233,374 

14,622 

112,773 

17.877    8 

346.147 

18S1 

3,824     e 

263,370 

21,638 

154,923 

25,462    6 

418,298 
14,570,622 

Totall.,. 

128,107     0 

10.794.056 

409,977 

8,776.466 

53S,084    0 

Lead. — The  mines  of  argentiferous  galena  are  for  the  most 
part  situated  in  the  southern  portion  of  the  colony  near  Cape 
Jervis.  Among  the  most  important  are  the  Talisker,  George, 
and  Campbell's  Creek  Mines.  Lead  ores  have  also  been  found 
near  Kapunda ;  and  several  years  ago  galena  y/as  found  in  the 
hills  twenty  miles  south-east  of  Adelaide. 

The  following  table  shows  the  quantity  and  value  of  the  lead 
and  lead  ore  annually  exported  from  South  Australia  during  twenty- 
six  years.  A  considerable  proportion  was  the  produce  of  the  Huel 
Ellen  Mine,  near  Strathalbyn,  but  we  are  without  any  detailed 
information  relative  to  the  mode  of  occurrence  of  lead  ores  in  that 
district. 


TA8l.lt    «t<SWI!*0    TUB    QfANTlTI'     ASTt    VAI.rE    or     t.*AI>    Ai<t>    LlAB  0^ 
pKODCt^B    Of    TUX    UuLOX«,    SXl'ORIKn    tttOH    SoBTB    AtTSTULU  rmi 

TO  1181  iiraiviiiT(,> 
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«8 
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or 

n 
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(1 
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m 
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121 
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0 
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ee 

0 

l.fl07 
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IM 
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S,M1 

048 

II 
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1^ 

1807 
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21  a 

u 
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7« 

0 
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1^ 
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SI 

0 
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MV 
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3 

0 

81 
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aa 
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J 

wa 

11 

14 

17 

0 

•>is 
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i 
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18  11 

isn 

0 

0 

ISU 

•u  U 
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— 

— 

^ 

— 

— 

1S7» 

3     (» 

90 

^ 
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R 

ISSO 

— 

— 

— 

— 

- 

— 

1881 

— 

■^ 

»« 

0 

1,183 

90    9 

1.111 

Tot*l«. 

1,115  11 

*8,77a 

S^Hfi 

0 

«6,<83 

t,uo  n 

IHMt 

Other  Metals. — Stibnite  occurs  in  South  Australia,  and  fe 
18G5  to  1875  390  tons  of  bismuth  ore,  of  the  viUiie  of  lli^ 
were  shipped  from  the  colony. 

The  annexed  statement  shows  the  amount  and  valu^utJ 
exported  during  four  years. 

Weioht  and  Value  of  Zinc  kxpohted  from  South  ArsmAi.u 
FOLLOWING  Years  : — 

Weight. 

TonH  cwts. 

...      39     11 

....      43     12 

....      34     10 


Y«>ar. 
1873 
1879 
1880 
1881 


9      0 


Totals     .    .    12')     13 


'  From  the  values  affixed  it  is  evident  that  the  lead 
argentiferous,  and  probably  also  contained  gold. 


WESTERN  A U SIT. ALIA. 


503 


Western  Australia. 

Altbough  small  patches  of  more  or  less  auriferous  ilrift  occur  in 
^arious  lutulities  scatttTed  over  this  purtion  uf  the  Australian 
jDtineot,  gold  has  not  as  yet  been  anywhere  discovered  in  paying 
luaiitities.  Among  other  places  it  occurs  at  Peterwangy,  in  alluvial 
detritus,  the  bed-rock  consisting  of  granulite  intersected  by  trap 
dykes,  and  towards  the  lower  ground  overlain  by  beds  of  nodular 
ironstone,  sandstone,  and  grit.  The  result  of  prospecting  in  this 
place  was  the  discovery  of  some  minute  specks  of  gold  in  quartz 
enclosed  in  greenstone.  Quartz  veins,  varying  from  the  width  of 
a  sheet  of  paper  to  several  feet  in  thickness,  arc  found  traversing 
the  older  rocks  wherever  they  reach  the  surface,  but  do  not  extend 
into  the  more  recent  formations.  The  quartz  enclosed  in  granite 
is  usually  more  transparent  than  that  of  veins  traversing  sedimen- 
tary rocks,  which  frequently  bears  a  close  resciublance  to  the 
veinstone  of  the  auriferous  reefs  of  Victoria,  and  often  contains 
considerable  quantities  of  iron  pyrites.  The  ceneral  strike  of  these 
veins  varies  froju  north  and  south  to  north-east  and  south-west, 
iu  which  directions  they  may  sometimes  be  traced  for  long 
distances. 

In  the  Champion  Bay  district  both  lead  au<l  (ojiper  ores  have 
been  found  in  gneissic  rocks  associated  with  grunite,  greenstone, 
&c.,  and  have,  in  some  cases,  been  followed  to  depths  from  the 
surface  exceeding  fifty  fathoms.  The  general  indications  pointing 
to  the  presence  of  a  lode  are  the  occurrence  of  dykes  of  diorite  or 
felsite,  by  which  the  metamorphic  rocks  have  been  fissured  and 
faulted,  accompanied  by  segregations  of  quartz  and  outcrops  of 
jiulvonileut  gossans.  It  is  only  at  certain  points,  however,  jJong 
the  course  of  a  lode  that  the  veinstone  reaches  the  suri'ace,  as  a 
covering  of  soil  fretjueutly  hides  the  rocks  from  view,  and,  generally 
speaking,  lodes  have  not  been  jjrospected  for,  where  do  fragments 
of  ore  had  been  previously  picked  up  on  the  surface.  According 
to  Mr.  H.  Y.  L.  Brown,  whose  report  was  published  iu  1873,  teu 
mines  had,  previous  to  that  date,  been  opened  in  this  district  for 
copper  and  lead,  but  of  these  only  two,  the  Geraldino  and  the 
Oakajee,  were  then  in  operation.^ 

The  chief  cause  of  the  abandonment  of  many  of  these  mines 
was  want  of  capital,  and  unskilful  working.     From  a  consideration, 

'  "  General  Beport  on  a  Geolojricnl  Kx|>lorntion  of  tliat  {^lorlicn  of  the  Colony  cf 
Wfstffrn  AuBtralU  lying  southward  of  tLe  Murchtson  Rivtr,  aod  wcstwanf  of 
Esjictance  Hay,"  IVrth,  1873. 
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however,  of  the  numerous  outcrops  of  ore  at  the  saAea,  tte 
number  and  size  of  the  veins  met  with,  and  the  amount  of  en 
raised  at  very  moderate  depths,  he  ia  inclined  to  believe  that  Urn 
district  affords  an  advanta^^us  field  for  Uie  jodicions  emplqjmeat 
of  capital. 

The  following  information  with  regard  to  the  dqvth  of  Urn 
lowest  workings  and  the  quantity  of  ore  raised,  was  all  that  Mt 
Brown  was  enabled  to  gather  from  authentic  souzoes : — 


i 

OmIaTttM. 

Dwpwt 
LewL 

DaltL 

ValM« 

Name  or  Hlii*. 

LewL 

Coppv. 

Fnt. 

M 

Hael  Fortune  .    . 

800 

S.475 

985 

18«S  to  1888 

Oeraldine     .   .   . 

880 

1,634 

— 

Nov.  1889  to  Dae.  1870 

Tanganoolu     .   . 
Qwalla 

108 

— 

458 

— 

5,881 

200 

— 

901 

— 

MISTS 

Wanerenooka  .   . 

180 

— 

— 

Gelira 

100 

^" 

soo 

The  total  amount  of  lead  ore  exported  from  1860  to  1865  im 
1,363  tons.    The  amount  of  copper  ore  exported  during  the  bum 

period  was  4,500  tons.  In  the  month  of  April  1881,  seven  lead 
mines  were  working  in  the  Victoria  district  of  Western  Australia 
the  production  for  the  year  previous  having  been  1,430  tons  of  ore, 
valued  at  £10,579.  There  was  also  one  copper  mine  in  operation 
which,  during  the  same  year,  yielded  one  ton  of  copper  ore,  valued 
at  £15. 


Tasmania. 

•  In  addition  to  coal,  anthracite,  and  iron  ores,  Tasmania  produces 
gold,  tin,  and  bismuth,  besides  which  galena  and  copper  ores  have, 
in  limited  quantities,  been  found  in  various  parts  of  the  island. 
Coal  and  iron  ores  are  especially  abundant,  a  large  deposit  of  the 
latter  at  Ilfracombe,  eight  miles  from  the  River  Tamar,  being 
described  as  yielding  a  brown   haematite   of  exceptionally  good 
quality.    The  mineral  resources  of  the  colony  were  for  many  yeais 
somewhat  neglected,  but  it  is  now  divided  into  six  mi< 
tricts  and  a  Department  of  Mines  has  been  establish* 
enterprise  in  Tasmania  received  a  great  impetus  > 
1872,  by  the  discovery  of  extensive  deposits  of  ti 
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shoff,  in  the  north-west  portion  of  the  island.  Tin  has  since 
sen  foumi  iiJistributed  ovor  a  considerable  extent  of  country,  near 
le  north-east  corner  of  Tasmania,  ami  has  now  become  one  of  its 
lost  important  productions. 

Gold. — Gold  is  obtained  both  from  recent  alluviums  and 
im  quartz  reefs ;  auriferous  tertiary  drifts,  believed  to  be  of 
liocene  age,  also  occur,  but  hitherto  they  have  not  been  very 
ttensively  worked,  although  batteries  have  been  erected  for  the 
satment  of  cement.  The  auriferous  regions  embrace  the 
allowing  lucalitiess — The  Pieman  River,  the  Hellyer  Diggings  in 
le  bed  and  on  the  banks  of  the  river  of  that  name,  Anderson's 
reek,  Beaconsfield,  Lefroy,  Back  Creek  Diggings,  Leura,  Piper's 
liver,  Denison  Diggings,  Waterhouse,  Mangana,  and  the  Black 
oy  gold-fields. 

In  ISSl  the  yield  of  gold  from  placer  washings  was  10,917 
.,  valued  at  £41,945,  an  average  of  £3  17s.  llrf.  per  oz.  During 
le  same  period  38,043  tons  of  quartz  were  crushed,  j-ielding 
45,776  oz.  of  gol<i,  valued  at  £174,956,  or  £3  15s.  IQl'l.  per  oz., 
making  an  average  of  19  dwt.  13i  gr.  per  ton  of  rock  treated. 

TiK. — Mount  Bisclioflf,  where  discoveries  of  tin  ore  were  first 
made,  is  situated  in  the  north-weslern  jwrtiou  of  the  island,  and  is 
distant,  by  the  present  route,  fifty-four  miles  from  the  port  at  which 
the  ore  is  shipped.  Its  vicinity,  generally,  is  covered  with  thick 
forests  of  myrtle,  while  the  summit  of  the  mountain,  where  the  tin 
principally  occurs,  is  so  densely  shrouded  by  an  almost  impenetra- 
ble jungle  that  even  an  approximate  estimate  of  the  area  of  the 
stanniferous  ground  becomes  somewhat  difficult. 

According  to  Mr.  S.  H.  Wintle,^  Mount  Bischotf  hixs  an  alti- 
tude of  about  3,500  feet  above  the  sea,  and  is  but  little  more 
than  1,000  feet  above  the  surrounding  ha.Haltic  table-land,  the 
ascent  from  the  coast  being  somewhat  gradual.  The  rock  consists 
of  an  eruptive  eurile-porphyry,  which  forms  a  crescent-shaped 
ridge  at  the  summit,  of  virhich  the  extremities  are  not  more  than 
a  quarter  of  a  mile  apart,  the  intermediate  space  thus  fomiing 
a  horse-shoe-shaped  basin-like  depression.  It  is  here  that  the 
richest  deposits  of  tin  ore  occur.  This  basin  looks  towards  the 
south,  and  presents  a  natural  outlet  to  the  surrounding  table- 
land, while  the  northern  aud  western  slopes  are  exceedingly  steep, 
'rning,  on  au  average,  an  angle  of  35*  with  the  horizon.  The 
phyry,  which  is  the  chief   matrix  of   the  tin  ore,  has  burst 

"  SUnniferous  Deposits  of  Tasmani«,"  Trans.  Roy.  Soe.  of  Ntui  South  U'alet, 
1876,  p.  87. 
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through  transition  strata  repodog  oa  the  AapoB  of  the  moaati^ 
displacing,  contorting,  and  folding  them  in  a  most  fimtastie  mauK 
These  strata  chiefly  consist  of  clay  slate,  sandstonei,  and  oikc 
quartzose  rocks,  the  former  being  frequently  chaiged  with  ina 
pyrites  and  staanite.  The  tin  (oe  (caasiterite)  tiaToiiM  the  p» 
phyry  in  strings  and  lodes,  the  breaking  up  of  which,  lafaaeqaent  ti 
the  decompositi(Hi  and  disintogiation  of  tiie  sorroanding  poqihjfiy, 
has  probably  been  the  cause  of  an  accumulation  oi  tiiwhiiift  m 
the  slopes  of  the  mountain  in  the  form  of  talna.  The  ota  is  aol 
equally  distributed  over  the  sorfiaoe,  but  is  generally  fimod 
accumulated  in  patches  of  limited  extent  In  illuBtralion  al  tim 
fact  it  may  be  mentioned  that  on  one  section  240  tons  of  tin  on 
were  taken  from  an  area  of  washnlirt  only  sirty-aix  feet  sqnin^ 
while  at  a  distance  of  twenty  yards  on  either  side  of  the  cutting 
scarcely  a  trace  of  tinstone  could  be  found.  Some  uf .  the  miMM 
of  ore  taken  from  the  dirt  on  this  claim  weighed  as  much  « 
six  cwts.,  and  not  a  few  of  them  were  almost  entirely  free  from 
matrix.  It  appears  somewhat  remarkable  that  only  one  well- 
defined  lode  had,  up  to  the  beginning  of  1875,  been  laid  ban  is 
this  district,  although  surface  mining  had  then  been  in  actbe 
operation  for  more  than  two  years. 

Although  the  porphyry  is  the  chief  source  of  the  ore,  there 
are  also  rich  deposits  consisting  of  tin  ore  and  hydrated  oxide 
of  iron,  in  which  a  face  has  been  opened  up  to  a  depth  of  30 
feet.  Ascending  the  slope  of  the  basin  in  the  direction  of  the 
top  of  the  mountain,  the  tin  ore,  iron  ore,  and  sand  assume  a 
cemented  condition,  and  finally,  at  the  summit,  appear  in  cliff* 
like  masses  of  conglomerate  composed  of  a  mixture  of  oxide  of 
tin.  iron  oxide,  and  silica,  sufficiently  hard  to  require  blasting.  So 
rich  in  tinstone  is  this  formation  that  blocks  weighing  several 
cwt«.  of  nearly  pure  tin  oxide  may  sometimes  be  broken  from  it 
This  deposit,  which  is  known  as  the  North  Lode,  can  be  traced 
for  a  distance  of  about  half  a  mile.  Small  grains  of  native  copper 
have  Kvn  found  associated  with  the  ferruginous  tin  ore,  while  rich 
argentiferous  galena  and  sulphides  of  antimony  and  zinc  occur  ia 
adjoining  claims.  The  galena  is  accompanied  by  a  gangne  <tf 
iluor  spar  and  carbonate  of  iron,  but  the  only  veinstone  associated 
with  stibuite  and  blende  is  fluor  spar. 

That  Mount  Bischoff  has  b-  ^-ed  to  much  dislocation 

is  evident   from   an   extensiv  It  running  north  and 

south,  by  which  the  whole  o^  )  of  the  mountain  has 

been  depressed,  thus  prod  "tical  diffii  in  some 
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,ce8  more  than  100  feet  in  heigUt,  which  aSords  a  fine  section 

th   of  the   intrusive  porphyry  and    of  the  contorted  sedimen- 

,ry  strata.      It  is  said  to  rain  at  Mount  Bischoff  three  <lay8  out 

every  four,  the  result  being  that  all  vegetation,  as  well  as  the 

mmerons  boulders  on  the  surface  of  the  ground,  are  thickly  covered 

ith  Jnoss.     The  i,'radual  decay  of  these  mosses  has  produced  a 

atuin  of  peat  often  five  feet  in  thickness,  which  constitutes  the 

ily  "  stripping  "  of  the  miner,  as  the  tin  ground  lies  immediately 

ueath  it. 

Mount  Ramsay,  which  is  situated  at  a  distance  of  about  ten 
iles  from  Mount  BischoflF,  attains  an  altitude  uf  ovor  i.OOO  feet, 
d  is  essentially  composed  of  a  coarse-griiined  schorlaceous  granite 
hich  occasionally  passes  into  a  fine-grained  rock.  This  granite 
in  the  form  of  three  lofty  peaks,  and,  uuUke  M^unt  Bischoff, 
e  older  Paheozoic  strata  are  only  to  bo  sotai  mantling  aroiiud  its 
e.  The  tin  which  is  here  found  docs  not  occur  in  such  largo 
iiautities  as  at  the  la.st-nained  locality,  but  Mount  Ramsay  is  well 
known  for  a  large  and  rich  vein  of  bismuth,  which  when  first  dis- 
vered  was  mistaken  by  the  miners  fur  tin  in  a  native  state. 

Tin  ore  also  occurs  at  Wumhat  Hill,  about  midway  between 
ount  Bischofland  Mount  Ramsay,  and  at  Mount  Housetup,  twenty 
miles  from  the  north-west  coast  of  the  isliuxd,  where,  in  both 
instances,  it  is  found  in  graiiite.  The  cassiterite  is  sometimes 
a.ssociatod  with  zircon  and  pleouaste.  On  the  east  coast  a  rich 
deposit  of  stream  tin  occui-s  near  the  source  of  a  small  river  known 
as  the  Golden  FJoece,  and  the  stanniferous  district  extemla  in  a 
south-easterly  direction  as  far  as  Falmouth  and  the  Mouut  Nicholas 
Range.  More  recent  discoveries  show  that  a  tin-bearing  country 
exists  for  a  great  distance  towards  the  north-west,  as  for  instance  at 
Buobyalla,  Mount  Cameron,  Mount  Horror,  and  in  the  Riugarooma 
district  or  Gould's  new  country.  In  187(1  the  value  uf  tin  ore  and 
ingots  exported  from  Tasmania  was  £100,001);  in  1877  it  was 
£296,941;  in  1878,  £310.311 ;  in  1880,  £341,730,  and  in  ISfSl, 
£375,775.^ 

Other  Metals. — A  lo<le  of  bismuth,  then  stJited  to  be  one  of 
tbe  richest  in  the  world,  was  discovered  some  years  since  at  Mount 
msiiy,  and   another   containing  stibnite  was   met  with   in    the 
aratuh  Company's  claim.     Argentiferous  galena  hiis  been  found 
at  the  Penguin,  and  alsa  in  the  neighbourhood  of  Mounts  Roland 
and  Claude,  while  copper  ore  occurs  near  Campbelltown.     About 
,o()0  tons  of  ironstone  were  raised  during  the  year  1881. 
'  "  TliP  Anstraliwi  HuntllK)ok,"  p.  608,  I^ondon,  1888. 
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A  oonridoable  proportion  of  the  jfopaimldoa  of  New  Zeilaidii 
oocapied  in  gold  mining,  which,  during  the  laat  twenty  jma,  \m 
been  one  of  Uie  most  important  indtistriea  of  the  ooloay.  Om  4 
variooB  other  metals,  such  as  capper,  ail^er,  lead,  and  mnenj, 
althoogh  known  to  occur  in  Tarioos  localities,  have  not  bit]nt» 
been  extennvely  worked. 

Ck>u>.— According  to  a  memoir  hy  Dr.  A.  Soetbser^  dntf 
1,000  OS.  of  gold  were  obtained  at  C^pe  Cotonuuidel,  apoa  tb 
east^n  side  of  the  North  Island,  in  1862,  after  whidi  the  wnki^ 
were  virtually  abandoned.    Four  years  subsequently  gdd  vmaf 
was  commenced  in  the  ptorince  of  Otago,  in  the  South  Ialud,«i 
in  1861  a  large  increase  in  the  gold  production  took  plseeosN- 
quent  on  the  disooTery  of  rich  deposits  in  the  Tnapeka  Biw,«| 
at  the  Thames  gold-fields.    Hie  North  IsLaad,  altheu^  oosky^ 
a  large  nmnbw  of  known  quarts  reeAi,  has  produced  less  gold  tks 
the  South  Island,  which  is  much  richer  in  alluvial  deponti  Ik 
mort  important  districts  stretch  on    the   western  slope  ef  tti 
mountains,  from  Otago  on  the  south,  through  the  Westlaad  pU- 
fields  to  those  of  North-west  Nelson  on  the  north. 

The  auriferous  drifts  of  New  Zealand  occur  in  three  diatiBd 
forms : — Firstly,  as  modem  alluvium  in  the  beds  of  streams  asd 
rivers;  secondly,  as  more  ancient  deposits  often  occupying  the 
sides  of  valleys ;  thirdly,  as  sands  upon  the  seashore,  where,  bj 
the  constant  action  of  the  waves,  a  process  of  continuous  on- 
centration  is  in  progress.  The  deposits  belonging  to  the  first  daa 
are  of  the  ordinary  kind,  and  exhibit  no  peculiarities  to  renders 
special  description  necessary.  Deposits  of  the  second  class  are  some- 
times of  great  thickness,  many  of  them  being  regarded  asbelongiif 
to  the  lowest  Tertiary  deposits  of  the  colony.  They  are  freqnentiy so 
consolidated  as  to  form  a  compact  cement,  and  are  then  stamped 
and  treated  in  the  same  way  as  gold  quartz.  When  not  so  cemented 
they  are  often  worketl  by  the  Califomian  process  of  hydraolie 
mining,  for  which  facilities  are  afforded  by  the  Qovernment,  whidi 
has,  in  some  cases,  brought  in  the  necessary  water,  which  is 
supplied  to  the  miners  at  a  fixed  charge. 

Some  remarkable  deposits  of  auriferous  cements  are  worked  st 

the  IMue  Spur,  in  the  Otago  district.    The  Blue  Spur  cements  are 

enclosed  in  a  trough,  or  more  correctly,  a  basin,  since,  in  additico 

I  "  EdelniPtflll-Produktion  und  Werthrrrhaltnias  twiaebwi   Qold  mid  SObcr," 
pnbluhed  ••  an  extra  number  of  PeUrmann't  Mittheilungen,  1879. 
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to  the  bed-rock  on  which  they  rest  as  in  a  trough,  the  schists  to 
the  Dorth-west  and  south-east  rise  in  the  form  ofhilU  which  have 
a  greater  elevation  than  is  at  present  assumed  by  the  cements 
li  tliemselves.  The  bed-rock  on  the  north-east  side  of  the  basin  is 
very  steep,  while  on  the  opposite  one  it  is  more  shelving ;  the  total 
thickness  of  the  cements  is  regarded  by  the  officers  of  the  Geological 
^   Survey  as  being  at  least  300  feet. 

An  enormous  quantity  of  this  Spur  has  been  worked  away,  so 
i  that  what  remains  has  been  cut  into  deep  gutters,  and  where 
ji  sluicing  or  other  claims  have  been  for  a  long  time  in  operation 
^  large  masses  of  the  hill  have  been  removed.  The  Spur,  therefore, 
which  must  formerly  have  possessed  a  configuration  similar  to  that 
of  the  surrounding  country,  now  presents  a  series  of  lofty  pinnacles 
id  steep  canons,  bearing  testimony  to  the  large  amount  of  work 
ich  has  been  dooe.^  As  a  rule  the  rivers  of  New  Zealand 
,ve  extensively  eroded  their  beds  since  the  formation  of  the 
er  alluvium,  so  that  the  deep  leads,  which  often  in  other 
countries  can  only  be  reached  with  great  trouble  and  expense,  are 
here  exposed  in  the  declivities  of  valleys.  No  deep  leads  appear  to 
be  worked  under  a  capping  of  basalt,  as  is  the  case  in  Australia 
California,  and  the  extension  of  the  gold  districts  among  the 
ore  recent  volcanic  rocks  appears  to  be  comparatively  small. 
The  auriferous  sands  on  the  seashore,  forming  the  third  class 
of  deposit,  are  worked  by  persons  known  as  "  beach  combers,"  who 
wash  them  by  the  aid  of  fresh  water  brought  through  a  canvas 
ho8e-pij>e,  upon  movable  sluices,  called  "  beach  b^jxes,"  one  end  of 
which  is  mounted  on  wheels  for  convenience  of  transport.  Beaches 
are  often  unworkable  for  months  together,  since  gold  in  remunera- 
tive quantities  is  only  fuuud  upon  them  after  the  occurrence  of 
high  winds  and  heavy  seas. 

According  to  Ulrich  the  rocks  in  which  auriferous  reefs  occur, 

or  in  which  gold  has  been  found  in  its  natural  matrix,  in   the 

ovince  of  Otago,  excepting  in  the  neighbourhood  of  PortobellOj 

usist  throughout  either  of  aigillaceous  mica  schists  or  of  phyllite, 

anging  towards  the  west  into  true  mica  schist  with  subordinate 

nda  of  chloritic  schist  or  chloritic  micaschisL'    In  most  cases  both 

e  phyllite  and  mica  schist,  which  are  probably  of  Silurian  age,  but 

more  especially  the  latter,  are  rich  in  interlaminations  of  quartz, 

ich  are  sometimes  less  than  one-fourth  of  an  inch  in  thickness. 


'  Jievorts  of  Oailogifnl  Ejrplomlionii  during  1878-79,  p.  49,  Wellington,  1879. 
»  F.  W.  Button  and  0.  H.  F.  Ulrich.  "  Report  ou  the  Geologj'  and  Gold  Fields 
Otttgo,"  p.  158,  Duvpdiii,  187S. 
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bat  occasiondly  attain  a  width  of  three  or  more  feet  Thea 
generally  lenticular  masses,  which  have  no  regularity  or  jn- 
sistence  either  in  strike  or  in  dip.  frequently  contain  gold,  ui 
there  can  be  no  doubt  that  the  gold  in  the  drifts  of  the  ptonnee  ii 
in  some  measure  due  to  their  denudation  and  disintegration. 

Some  of  the  reefs  are,  however,  tme  lodes,  with  well-definet 
walls  having  clay  selvages,  and  crossing  the  country  rock  both  ia 
strike  and  dip.  Others  are  composed  of  a  mixture  of  quarts  ani 
mullock,  and  are  known  as  "  quartz  mullock  reefe " ;  these  snr 
usually  so  soft  that  they  can  he  worked  without  the  aid  of  gun- 
powder, and  the  quartz,  which  does  not  appear  to  form  a  Isige 
percentage  of  the  mass,  occurs  only  in  the  shape  of  coane  sand 
and  small  and  slightly  rounded  fin^ments.  Whether  the  qnaiti 
originally  formed  interlaminalions  in  tiie  mullock,  or  occuned  ia 
veins  is  uncertain,  but  Mr.  Ulrich  considers  that  a  kind  of 
banded  structure  which  is  observable  on  the  line  of  dip  is  in 
favour  of  the  latter  hypothesis.  The  reefs  of  Arrow  and  Skippo'i 
Greeks  nre  true  lodes,  some  of  which  are  twenty  feet  in  thidmea^ 
cutting  through  the  country  both  in  strike  and  dip,  and  showing 
more  or  less  distinct  waUs  with  clay  casings.  In  point  of  com- 
position  and  structure  they,  however,  approach  far  more  nearly  to 
mullock  reefs  than  to  quartz  reefs ;  they  in  fact  represent  fiagures 
partly  filled  with  dibris  from  the  country  rock,  mixed  with  inter- 
latninated  quartz,  of  which  there  are  veins  and  branches  of  varying 
dimensions.  "  Layer  lodes  "  follow  the  strike  and  dip  of  the  coun- 
try rock,  having  throughout  for  their  foot  wall  one  and  the  same 
bed,  while  the  hanging  wall  is  generally  irregular,  and  frequently 
traversed  by  veins  and  branches  of  quartz.  On  account  of  thia 
mode  of  relation  to  the  country  rock  they  are  subject  to  all  its 
changes  of  strike  and  dip,  and,  when  these  are  great,  they  are  liable 
to  frequent  changes  in  thickness,  and  are  regarded  as  being  the  least 
promising  form  of  reef. 

The  so-called  Peninsula  Quartz  Reefs  at  Portobello  are  not  in 
reality  quartz  reefs  at  all,  but  merely  impregnations  of  finely  divided 
gold  enclosed  in  siliceous  segregations  in  trachytic  rocks.  This 
occurrence  of  gold  in  a  trachytic  matrix  is  however  not  without  its 
alliances,  since  the  greyish-white  trachyte  of  PortobeUo  bears  a 
certain  resemblance  to  the  gold-bearing  trachytic  tufa  of  the 
Thames  gold-field  in  the  Nortli  Island  ;  although  in  the  latter 
locality  the  gold  is  found  in  distinct  veins  and  bunches  of  genuine 
quartz,  and  does  not  occur  d'— -  '^r.^ted  through  the  mass  of  the 
rock  as  in  the  other  case.  ■  which  the  "  quartz  reefs  " 
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>f  the  Thames  gold-field  are  found  is  a  massive  formation  of 
btifa  passing  on  the  one  hand  into  a  compact  trachyte,  ami 
on  the  other  into  a  coarse  brecciated  rock,  consisting  of  angular 
fragments  embedded  in  a  tufaceous  cement.  The  age  of  this 
Formation  is  somewhat  uncertain,  but  at  Tapu  Creek  it  rests  upon 
black  slate,  and  at  Coromandel  it  is  overlain  by  brown  coal,  which  is 
again  overlain,  unconformably,  by  a  recent  volcanic  formation  re- 
ferred to  the  Eocene  period.  It  is  therefore  probable  that  the 
tufas  in  which  the  auriferous  reefs  are  found,  belong  to  some 
part  of  the  Cretaceous  period. 

From  some  cause,  not  yet  ascertained,  this  tufaceous  formation 
has  become  decomposed  in  a  very  irregular  manner,  and  to  great 
depths ;  the  undecomposed  rock  forming  hard  ridges  separated 
from  one  another  by  belts  of  softened  material  extending  to  many 
hundred  feet  below  the  sea  level.  In  these  latter  bands  alone  pro- 
ductive quartz  veins  have  been  found,  and,  so  far  as  is  at  present 
known,  they  either  pinch  out  or  become  unremunerative  on  enter- 
ing the  undecomposed  rock.^  Some  of  the  reefs  in  this  gold-field 
have  been  worked  to  a  depth  of  above  100  fathoms  below  sea  level. 
The  following  table,  from  official  sources,  shows  the  weight  and 
value  of  the  gold  exported  from  New  Zealand  from  the  beginning 
of  1857  to  the  end  of  the  year  1882. 


Table  showing  thb  "Wetoht  and  VAtUB  op  Gold,  the  Produck  of  the 
Colony',  exported  from  New  Zealand  durino  the  followino  Ykarm. 


Year. 

Weight 

Vslue. 

Year. 

WeiRht. 
Oz. 

Value. 

Oz. 

t 

£ 

1857 

10,436 

40,442 

1     1870 

644,880 

2,157,685 

1858 

13,533 

62.443 

I     1871 

730,029 

2,787,520 

1859 

7,836 

28,427 

1872 

445,370 

1,730,992 

1860 

4,538 

17,586 

1873 

505,3.S7 

1,987,425 

1861 

194,234 

762,657 

,     1874 

376,388 

1,505,331 

1862 

410,862 

1,591,389 

'     1875 

355,322 

1,407,770 

1863 

628,450 

2,431,723 

!     1876 

818,367 

1,268,559 

1864 

480,171 

1,857,847 

1     1877 

871,685 

1,496,080 

1865 

674,574 

2,226,474 

:     1878 

810,486 

1,240,079 

1866 

785,876 

2,844,517 

1879 

284,100 

1,134,641 

1867 

686,753 

2,700,275 

1880 

303,216 

1,220,263 

1868 

637,474 

2,504,326 

'     1881 

270,561 

1,080.790 

1869 

614,281 

2,362,995 

1882 

293,229 

1,170,620 

T 

Jtols  

.... 

10,106,987 

39,598,655 

report*  <^  Oeologieal  Explorations  during  1878-79,  p.  22,  Wellington,  1879. 
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In  the  year  1881,  the  quartz  crushed  in  New  Zealand  amotiai 
to  65,712  tons,  yielding  84,792  oz,  of  gold,  or  1  o«.  5  dvt  19 
per  ton. 

Other  Mktals. — Copper  mining  was  for  some  yean  conduct^ 
on  a  somewhat  extensive  Bcale  at  Kawau  and  Great  Barrier  Ldaiuii, 
but  although  n  considerable  amount  of  copper  ore  was  obUtned 
the  mines  were  not  financially  successful.  A  small  quantiuof 
copper  ore  has  more  recently  been  raised  from  a  vein  on  D'UrnTl* 
Island,  but  the  workings  are  by  no  means  extensive,  and  the  jvU 
of  copper  ore  has  hitherto  been  but  small. 

Silver  ores  and  argentiferous   lead  ores    are   sometimes  mft 
■with  in  the  gold-bearing  reefs  of  Coronmndel  aud  the  Thames,  bat 
no  distinct  knie  of  either  of  these  minerals  has  yet  been  disco' 
Specimens  of  cassiterite  have  from  time  to   time  been  foiuid 
the  Thames  gold-fields. 

In    the    Weatland    District,   South   Island,  eight   miles 
Oreymouth,  in  the  hills  north  of  the  Grey  River,  where  there  w 
formerly  extensive  sluice  diggings,  is  a  quartz  reef  which  bi 
until   somewhat   recently  attracted   much   attention.      In  1878^ 
however,   some  blocks  of  stibnite   found    in    the    alluvium  ntn 
disco vcre«l  to  contain  a  considerable  proportion    of    gold     TTiii 
lode,  which    ia   known  as  "  Langdou's    Reef,"    is  about  600  fert 
above   the  river,  and   appears  as  a  solid  ledge  of  white  quvti 
from  three  to  eleven  feet  in  thickness,  encased  in  compnrl 
The    quartz    of    this    lode     contains    traces    of    aiitimouv 
specimens    taken  from    portions  of    the   vein    traversed  br  hW 
strings  of  stibnite   yielded  gold  at   the  rate  of   84  02.  per  Vat. 
Following  up  the  same  creek,  at  an  altitude  of  400  feet  above 
Langdon's  Reef,  the  lode  from  which  the  atiriferous  stibnite  wac 
originally  derived  has  been  discovered.     It  has  a  total  width  a^J 
nine  feet,  and  is  divided  into  five  distinct  bands,  three  of  whiclH 
consist  of  a  mixture  of  quartz  aud  stibnite.  one,  two  feet  in  width, 
mainly  consists  of  compuct  stibnite,  while  the  fifth  is  composed 
about  one  foot  eight  inches  of  brecciated  slate.     Specimens 
this  lode  forwarded  to  Dr,  Hector  for  assay  yielded  gold  84  01. 
silver   36    oz.   per   ton,   but    the   highest   rc8ult«    obtaiued  fi 
specimens  collected  by  Dr.  Hector  himself  yielded  gold  at 
rate  of  only  30  oz.  per  ton.^     Cinnabar  has  been   found  in  1 
qiiantities  at  Waipori,  and  iron  ores  in  the  form  of  limonite 
black  iron  sands  occur  in  various  localities. 


*  JteporU^  Oeoloyieal  BaphraHmtx,  187S-76.  p.  10. 
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New  Caledonia. 

It  was  at  one  time  sujiposed  that  tlie  miueral  wenltli  of  New 
Caledonia  would  rival  that  of  Aiistralia  and  >few  Zealand,  but 
liithcrto  these  Lopes  have  been  to  a  large  extent  disappointed. 
Gold  and  copper  veins  are  known  to  traverse  the  primitive  rocks 
of  the  north  part  of  the  island,  and  the  serpentines  contain  ores 
of  iron,  chromium,  &c.  In  tlie  year  1863  a  few  grains  of  gold 
were  found  in  the  aUuvinm  of  the  Houebiahonime  Vnlley,  and  in 
1870  workings  upon  an  auriferous  quartz  vein  were  cornineuced, 
at  a  place  afterwards  named  Fern  Hill,  by  English  miners,  by 
whom  tlie  rlaini  was  taken  up.  By  the  month  of  September, 
1873,  a  mili  had  been  erecteil,  and  1,200  tonnes  of  quartz  had 
been  crushed ;  tliis  yielded  4,663  oz.  of  gold ;  but,  by  the  end  of 
the  same  year,  a  mass  of  pyrite-s  from  which  they  failed  to  extract 
any  gold  had  l>een  reache<i,  and  the  mine  was  shortly  afterwards 
Abandoned,  Since  that  pt»riod  little  or  no  attention  appears  to  have 
been  devoted  t-o  gold  niitiing,  although  it  would  appear  improbable 
that  this  should  be  the  only  iTistauce  of  the  occurrence  of  auriferous 
quartz  in  the  island.^ 

The  most  iTOixirtnnt  ores  furnished  by  New  Caledonia  appear 
to  be  those  of  nickel,  for,  altljough  we  are  without  any  authoritative 
data  relative  to  their  annual  production,  this  industry  possesses 
coasiilcrable  technical  interest,  from  being  founded  upon  a  new 
ore  which  is,  at  least  in  part,  treated  by  a  new  process. 

This  mineral,  which  is  a  silicate  of  mngnesium  containing 
nickel,  was  discovered  by  M.  Jules  Gamier,  and  has  received  the 
name  of  garnierite. 

The  method  of  extracting  nickel  from  the  ordinary  ores  of  that 
metal  consists  in  concentrating  it  as  a  regulus  or  speiss,  dissolving 
in  acid,  precipitating  the  nickel  in  the  form  of  oxide,  and  reducing 
the  precij»itate  with  carbonaceous  substances.  As  garnierite  con- 
tains neither  sulphur  nor  arsenic,  it  becomes  necessary  to  add 
one  of  these  substances  to  the  ore  in  sufficient  quantity  to  take 
up  the  nickel,  and  this  method  of  treatment  is,  under  certain 
circumstances,  reconmiende*!  by  M.  Gamier.  As,  however,  the 
sulphur  and  ai'senic  thus  added  have  to  be  again  separated  from 
the  nickel,  a  new  process  has  been  invented.-     This  consists  in 

^  fimile  Hfurt^-ua,  "  Lcs  I^idiesses  Miu^riiks  de  la  Nouvelle-CalMouie,"  Ann. 
lUi  Mijuu,  vol.  ix.,  1S78.  i>.  ?07. 

*  J.  D,  Hague,  "  Mining  liiduslricg,"  ji.  101,  WaslunRlon.  1880. 
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smelting  the  silicate  of  nickel  with  iron  ores  in  a  blast  furnace,  with 
a  C'jbi  blast,  and  at  a  low  pressure.  Under  these  conditions,  and  with 
a  properly  constituted  mixture,  only  a  portion  of  the  iron  is  reduced, 
while  the  remainder  passes  into  the  slags,  unaccompanied  bynickd, 
and  adds  to  their  fusibility.  In  this  way  is  produced  a  carbide  of 
the  two  metals  known  as  ferro-nickel,  from  which  the  nickel  may 
be  separated  by  a  humid  process. 


AFRICA. 

TiiK  precious  metals  do  not  appear  to  be  very  genendly 
distributed  throughout  Africa,  and,  so  far  as  is  at  present  known, 
tlie  mineml  productions  of  that  continent  are  neither  abundant  nor 
varied.  Until,  however,  the  discovery  of  gold  in  CaMfornia  aiul 
Australia,  the  gold-fields  of  the  Kong  Mountains  in  Guinea  were 
considered  to  be  among  the  most  important.  Of  all  metals,  gold  is, 
perhaps,  the  most  generally  distributed  in  Africa.  The  gold-fieWj 
of  the  Transvaal  are  numerous,  but  the  yield  hitherto  obtained 
from  them  does  not  appear  to  have  been  sufficiently  large  to 
ci>iii])erisate  fur  the  difficulties  of  working  and  transiwrt.  Dr. 
Soetbet-r  ostiuiates  the  amount  of  gold  produced  in  the  whole  of 
Atrifu  during  the  year  187-5  at  96,450  oz.  troy. 

Copper  is  known  to  exist  in  large  quantities  in  the  nnjuntaiiis 
of  Si  lint'  of  the  native  kingdoms  of  Central  South  Africa,  and  oue  i>l 
the  obj«?(.ts  of  Dr.  Livingstone's  last  journey  was  to  visit  the 
ctlebrated  copper  district  of  Katongo,  south-west  of  Likn; 
Tanganyika.  At  the  Cape  of  Good  Hope  there  are  some 
valuable  copper  mines,  while  at  Benibi,  near  Ambriz,  a  thick 
malachite  vein  was  formerly  worked  by  the  negroes,  and  afterwanls 
leased  to  an  English  company  by  the  Portuguese  Goveminent. 
Abyssinia  is  sui>posed  to  be  rich  in  copper  ores,  and  iron  ores  occur 
in  many  parts  of  Inter-tropical  Africa.  On  the  banks  of  the 
Senegal,  and  in  various  other  districts,  the  natives  smelt  iron,  the 
ore  used  being  a  rich  ferruginous  sandstone  of  modern  formation. 
Morocco  contains  ores  of  various  metiils,  and  Algeria  deser\es 
si>ecial  notice,  as  some  of  its  mines  are  both  extensively  and 
svstematicallv  worked. 
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ALGERIA. 


The  most  important  ores  of  Algeria  are  those  of  iron,  which 
occur  ia  the  form  of  maguetite,  red  and  brown  hjennatite  and 
wderite.  Argentiferous  galena,  copper  ores  containiag  lead  and  silver, 
ores  of  antimonj'  and  mercury,  as  well  as  calauiine  and  blende, 
occur  in  this  part  of  Africa.  Manganese,  nickel,  cobalt,  and  arsenic 
are  likewise  occasionally  found,  but  always  in  association  with  ores 
of  other  metals, 

InoN. — lu  tlie  departmentof  ConstAntine,  the  Mokta-el-IIaddid 
Company  works  the  mines  of  Kharezas,  Bou-Hatnra,  and  Ain- 
Morkha.  the  last  of  which  is  connected  with  the  port  of  Bone 
by  a  railway  about  twenty  miles  in  length.  This  mine,  which  is 
more  commonly  known  by  the  name  of  Mokta-el-Haddid,  is  an 
irregularly  stratified  deposit,  inchulud  iu  nuca  schist,  wldch 
originally  formed  a  cltft'400  feet  in  height,  excised  upon  a  bend  in 
the  outcrop  where  the  iron  ore  is  unusually  massive.  This 
deposit  has  been  extensively  worked  as  an  open  qiiairy  by  a 
succession  of  terraces  each  sixteen  feet  iu  height,  of  which  nineteen 
were  required  to  reach  the  top  of  the  ore  ground.  Tho  bed  dips 
at  an  angle  of  about  30',  and  its  greatest  thickness,  measured 
horizontally,  ia  somewhat  more  thaa  100  feet;  but  it  gradually  he- 
comes  flatter  and  diminishes  in  size  until  it  is  worked  under- 
groimd,  where  its  thickness  does  not  exceed  twenty-eight  feet.  A 
second  bed,  thirteen  feet  in  thickness,  between  the  schistose  roof  of 
the  main  deposit  and  an  overlying  bed  of  limestone,  has  been  dis- 
covered by  boring.  The  ore  is  generally  a  blueish  or  blackish 
mixture'of  very  dense  ha?matite  ami  magnetite,  containing  frojn  .58 
to  6G  per  cent,  of  nietallio  iron ;  a  portion  of  it  is,  however,  soft  and 
brownish-red  in  colour,  and  can  bo  readily  worked  without  tho  aid 
of  giinpowder. 

In  the  department  of  Alger,  spathic  iron  ores,  and  hematites 
resulting  from  their  decomposition  and  [leroxidatiou,  are  found 
in  veins  enclosed  in  Cretaceous  rocks.  These  are  for  the  most  part 
associated  with  ores  of  copper  and  lead,  which  are,  sometimes,  the 
prevailing  minerals. 

Another  class  of  deposits,  occasionally  of  considerable  importance, 
,rs  in  the  department  of  Orau.     These  consist  of  hajmatites, 
iciated  with  limestones,  probably  of  Liassic  age,  and  the  ores, 
which  vary  considerably  in  composition,  are  often  manganiferous, 
and  in  most  cases  moderately  hard.     Masses  of  tutally  unchanged 
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limostone  are  sometimes  fouad  induded  in  these  ore  bodies,  vlMnkj 
origin  M.  Fouyanne  attributes  to  the  action  of  mineral  witAM 
Another  class  of  deposits  occurs  in  strata  of  Miocene  age,  sad  •] 
considered  to  have  been  derived  from  the  waste  of  Junsse  on] 
The  most  important  mines  are  those  of  CSam^rata,  Soumsfa,ail] 
Beni-saf ;  the  latter  of  which  is  situated  about  sixty  miles  veit  «C  < 
Oran,  and  yields  a  soft  calcareous  humatite  not  unlike  thitil 
Bilbao. 

The  mines  of  Ain-Morkha,  worked  by  the  Mokta-el-Hiddid 
Company,  annually  produce  about  400,0U0  tonnes  of  iron  or, 
and  from  1867  to  1877  yielded  8,176,500  tonnes  of  tiie  vafau  <i( 
thirty-five  millions  of  francs,  or  about  £1,400,000.  The  pndiu- 
tion  of  iron  ores  in  Algeria  during  (^e  year  1880  amounted  to 
614,000  tonnes. 

Otheb  Metals.' — In  the  department  of  Constantine,  in  187^ 
the  lead  mines  of  Kef-Oum-Theboul,  near  La  Galle,  jidded 
12,000  tonnes  of  galena,  containing  about  38  per  cent,  of  lead  lad 
affording  work  lead  yielding  36  oz.  of  silver  per  ton.  In  additioi 
to  argentiferous  galena  this  mine  produces  both  copper  ore  nd 
blende,  while  the  mines  of  Cape  Cavallo  in  the  same  departneit 
yield  argentiferous  lead  and  copper  ores. 

In  the  department  of  Alger  some  explorations  for  blende  and 
gnlena  are  being  carried  on,  and  in  the  department  of  Oran  the 
mine  of  Qnr-RouLan  produces  small  quantities  of  argentiferous 
galena. 

The  copiier  mine  of  ATn-Barbar  in  the  department  of  Con- 
stantine, eleven  njiles  north-west  of  Bone,  is  worked  upon  scTeral 
veins  producing  oxides  and  sulphides  of  copper,  yielding  fromS 
to  15  per  cent,  of  that  metal,  together  with  copper  pyrites  and 
blende. 

Various  mines  have  from  time  to  time  been  to  some  extcDt 
worked  near  Cape  Tenis,  in  the  department  of  Alger,  and 
have  yielded  limited  amounts  of  copper  and  lead  ores,  but  at  the 
present  time  none  of  them  appear  to  be  in  active  operation. 

The  once  celebrated  copper  mine  of  Mouza'ia,  in  the  same 
department,  which  at  one  time  was  supposed  to  contain  almost 
fabulous  riches,  and  was  the  subject  of  much  wild  speculaUon, 
yielded  antimonial  grey  copper  ores  only.    In  this  locality  there 

1  "Note  sur  la  Rt-gion  fcrrifire  des  Oue!lin8!!n,".4nn.  rff»  ifinef.rolix   187«, 
p.  00. 

•  L.  Ville,  "Situation  d«  I'lnduatiit  miuiere  dw  deutrtcments  d'Alinr.  d'Oiu 
•tde  Coimtaiitiue,"  Algiers,  1874. 
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several  veins  composed  of  spathose  iron  ore  and  heavy  spar, 

otaining  disseminated  antimuuial  grey  copj)er  ore,  and  traven^ing 

soft  marly  country  rock.     When  first  discovered,  the  surronnding 

3ftrly  rocks  of  Cretaceous  age  tiad  been  to  such   an  extent  acted 

pon  and  removed  by  rain  and  other  meteoriL-  influences,  that  tlie 

•Titcrops  of  the  veins  stood  from  12  to  15  feet  above  the  surface 

»f    the   adjoining   ground,  and  could    be   thus  traced  as  distinct 

jarallel  walls  over  a  very  considerable  ilLstance. 

This  mine,  the  working  of  which  has  been  unilertaken  succes- 
lively  by  various  companies,  was  finally  abandoned  in  1865,  on 
Skccount  of  the  ditbculties  experienced  in  the  metallurgical 
'treatment  of  its  ores. 

The  mines  of  Oned-Merdja  are  sitttated  on  the  right  bank  of 
a  stream  of  that  name,  near  the  point  of  its  confluence  with  the 
Oued-Chiffa,  about  seveu  miles  south-east  of  Biidah.  The  con- 
cession contains  several  nearly  parallel  veins  containing  copper 
pyrites,  but  of  these  one  only,  namely,  that  nearest  tbe  point  of 
meeting  of  the  two  streams,  has  been  to  any  extent  explored. 
The  veinstone  associated  with  yellow  copper  ore  is  principally 
ankerite,  a  triple  carbonate  of  calcium,  magnesium,  and  iron.  In 
the  year  1866  a  powerftil  steam  pumping-engine  was  erected  at 
this  mine,  as  well  as  furnaces  for  the  conversion  of  the  poorer 
ores  into  regulus. 

In  the  vicinity  of  Biidah,  in  the  valley  of  the  Oued-Kobir,  ia 
situated  the  mine  bearing  the  latter  name.  This  concession  may 
almost  be  regarded  as  an  extension  of  that  of  Oued-Merdja,  and  ia 
traversed  by  nearly  similar  lodes,  towards  the  development 
of  which  hut  httle  has  hitherto  been  accomplished. 

Zinc  ores  are  raised  in  the  department  of  Constantine  at  the 
mine  of  Haramnm-Nbnd,  belonging  to  the  Vieitle  Montague 
Company,  at  that  of  Ain-Arko,  and  at  the  lead  and  zinc  mine  of 
Oued  Maziz  in  the  department  of  Oran. 

The  antimony  mines  of  El-Haminiat  are  situated  at  a  distance 
of  forty-three  miles  from  Constantine,  and  consist  of  a  vein  con- 
taining oxide  of  antimony  at  Semsa,  and  an  irregular  deposit  of 
8tibnit«  at  Djebel  Hamimat  These  mines,  which  on  account  of 
local  disturbances  remained  for  some  time  unworked,  have  been 
re-opened. 

The  only  known  deposits  of  cinnabar  in  Algeria  occur  in  the 
department  of  Constantine  in  the  districts  of  Guelma  and 
Jemuiapes  ;  but  the  only  mine  actually  at  work  is  that  of  Ras-el- 
Mu,  fifteen  miles  south-east  of  Philippcville. 
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Tbo  production  of  lOAtatliferous  minerals,  other  IIulii  tm\ 
iiOD,  duriog  the  y^ar  1S80  wm  «a  follows :- — 

PBOUucnoN  iM  A1.0BIUA  or  JAwr*.hhXwrRavB  Mikkrau  otbkb  t&aji  Ixos  < 
srKTNa  TUX  Ykak  l&HO. 


DHvlpUcni  of  Oi«. 

t 

QriinHllw 

VbIum.                      I 

OsnMroni 

Sneeifi 

A&tinnrtjyom    .   .  »  , 
Jfiorcury  aw 

4,0«« 
0,S7<  ' 
»76 

51S.eE5 

7H.309 

42.015 

X8.ft7S 
&,07S 

Tot*b  ....          1G,SS8 

1.5M,37» 

«0,U4 

CAPE  OF  GOOD  HOPE. 

During  the  last  thirty  years  large  quantities  of  capper  ore] 
been  obtained  ftom  Namaqoaland,  Ca])e  of  Good  Hop«,  <wliero  it 
appet^ra  to  occur  in  somewhat  irregular  deposits,  iBteistratified  witb 
gneisa.  The  follouiitg  amounts  of  ore,  containing  on  an  aTcni^ 
i9{  per  cent,  of  copper,  have  been  obtained  from  these  mica 
since  they  were  fiwt  opened  in  18^3.* 

Tom. 
Raised  from  1852  to  end  of  1862  from  Springbok, 

Specktakel  and  Ookiepe  mines 18,999 

Raised   by  the   Cape^  Ookiepe      164,025 

Copper  Co.  from  f  Specktakel 14,765 

1862   to   end   of  T  Trial  Mines 1,057 

1882, 20  years.     ^  „      ,         

^  Total  .    .  198.846 

All  these  deposits  are  enclosed  in  gneiss,  of  which  they  appear 
to  follow  the  strike  and  dip.  That  of  Ookiepe,  which  has  been  the 
most  productive,  has  been  worked  for  a  length  of  175  fathoms,  and 
to  a  depth  of  105  fathoms.  It,  together  with  the  enclosing  rocks, 
is  crossed  by  a  slide,  by  which  it  has  suflfered  a  throw  of  40 
fathoms.  Wherever  it  has  been  cut  through  in  depth  a  bed  of 
quartzite  has  been  found  immediately  beneath  it. 

The  value  of  the  copper  ores  produced  in  Namaqualand  during 
the  year  1882  amounted  to  £331,546. 

'  Minerals  complexes,  equivalent  to  the  bluostone  of  Anglese*,  are  returned  in 
this  table  as  copper  ores. 

»  Statement  mmished  by  Mr.  R.  Taylor. 
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NORTH   AMERICA. 

THE     UNITED     STATES. 

Mr.  R.  W.  Raymond,^  in  a  paper  on  tlie  mining  districts  of  the 
fnitctl  States,  recalls  the  fact  that  W,  P.  Blake,  in  a  note  to  liis 
Catalmjue  of  Cali/ornia  Minerals,  first  pointed  out  that  the  mining 
districts  of  the  Pacific  slope  are  arrange<l  in  parallel  zones,  follovving 
the  prevailing  direction  of  the  mountain  ranges.  More  recently 
Clarence  Kitig  hits  sumrnnrised  these  phenomena  nearly  as  follows  : 
The  Pacific  coast  ranges  carry,  on  the  west,  quicksilver,  tin,  and 
chrome  iron  ores.  The  next  belt  is  that  of  the  Sierra  Nevada, 
and  of  the  Cascade  Mountains  of  Oregon,  which,  upon  their  western 
slope,  carry  two  distinct  zones,  a  font-hill  chain  of  copper  mines, 
and  a  middle  line  of  gold  deposits,  which  extend  into  Alaska. 
Lying  to  the  cast  of  this  zone,  along  the  eiistcrn  base  of  tlie  Sien'as, 
and  stretching  southward  into  Mexico,  is  a  chain  of  silver  mines 
which  are  frequently  included  in  volcanic  rocks.  Through 
Central  Mexico,  Arizona,  Central  Nevada,  aud  Mi<ldle  Idaho  there 
is  another  line  of  silver  mines,  which  more  often  occur  in  the  older 
rocks.  Through  New  Mexico,  Utah,  and  Western  Montana  lies 
another  zone  of  argentiferous  galena  lodes,  and  again  to  tJie  east 
the  New  Mexico,  Colorado,  Wyoming  and  Montana  gold-belt 
forms  a  well-defined  and  continuous  chain  of  deposits.  Raymond 
agrees  that  this  parallelism  exists,  although  in  a  somewhat 
irregular  way,  aud  that  it  is  chiefly  referable,  as  Blake  and 
King  have  shown,  to  the  structural  features  of  the  country.  East 
of  tiie  Rocky  Mountains  there  is  but  one  longitudinal  range, 
namely,  that  of  the  Alleghanies,  whicli  is  accompanied  by  a 
gold-bearing  zone  of  irregular  extent  and  value. 


Gold  and  Silver. 


The  gold-fields  of  the  United  States  of  Ai 
into    three   diatini  '  -.   namely: — the 
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include  tlie  two  precionS  metals  uniier  <me  heading  thau  ; 
of  them  separately. 

Pacific  Division. — The  Pacific  division  comprehends  C>Ii-^ 
fornia,  Nevjula,  Utah,  Arizona,  Idaho,  Oregon.  Wa-shingtoo,  ud 
Alaska,  and,  although  by  far  the  most  productive  of  the  gold 
regions  of  the  United  States,  it  is  by  no  means  the  oldest  uf  ' 

gold  having  been  first  discovered  in  large  quantities  in  Calu 

only  in  the  year  1848.     This  State  still  continues  to  yield 
largest  amount  of  gold  of   any  of  the  States  or  Territories 
the  Pacific  division,  but  its  production  uf  silver  is  coniparatiTel| 
small. 

The  principal  gold-bearing  belt  of  California  ^  eitentis  along 
the  lower  slopes  of  the  Siena  Nevada  for  a  distance  of  more 
than  700  miles,  and  vtuies  in  width  from  twenty  to  sixty  mil<^ 
The  central  mass  uf  the  Sierra  con-sists  of  granite,  wliich  is  flanked 
by  clay  slates,  mica  schists,  chloritic  schists,  talc  schists, 
hornblendic  schists,  sometimes  associated  Mrith  quartzites  and  lini< 
stones.  The  strike  of  the  sedimentary  rocks  constituting 
auriferous  belt  is  nearly  north  and  south,  and  the  encloseil  ve 
of  gold-bearing  quartz  course  in  a  direction  nearly  parallel  to  iu 
longitudinal  axis. 

The  first  statement  relative  to  the  age  of  these  rocks  waB 
made  by  J.  D.  Whitney  in  1864,  and  it  now  appears  to  be  a 
well-established  fact  that  a  large  portion  of  the  auriferous  rocks 
of  California  consists  of  metamorphosed  Tiiassic  and  Jurassic  strata, 
while  nothing  older  than  Carboniferous  has  been  found  in 
gold-bearing  region.  The  only  fossils  older  than  Triassic  whid 
have  been  discovered  to  the  west  of  the  crest  of  the  Sierra  Nevitd*' 
are  those  of  the  limestone  belt,  of  which  by  far  the  most  fossiiifero' 
locality  is  at  Bass's  Ranch,  in  Shasta  County.  The  fossils,  whicl 
here  occur  in  great  abundance,  nre  of  undoubted  Carboniferous 

In  the  southern  portion  of  tiie  State  there  are  several  gol 
fields  of  subordinate  extent,  many  of  which  may  be  regarded 
practically  exhausted,  and  which  are  now  chiefly  interesting 
having  furnished  the  earliest  evidence  of  the  existence  of  gold 
California.     Some  of  these  southern  placers  are  said  to  have  be 
known  to  the    Spanish    missionaries    long  previous  to  the  da' 

'  J.  D.  M'liitney,  *'  Tlie  Auriferous  Oraveh  r,f  ths  Sierw  Xemdii  of  Ckltfomia^ 
Memoim  of   Ov.  ilujufum    of  Coiiiparn/nv 
Cunbridge,   1880.     "  Oeold^M-Al     SnrviiS^oi 
Sillimnn,  "  Report  on  the    I' 
FrtlticUco,   1864.       Ckrenc.- 
(^  tht  Seerclnry  of  thr  [,,(,.  , 


BurvnrH   Colltge,   voL 
vol.  i.  ISC.'.,  p.    327. 

■.^-    -  "ilh  »nil    Middle  Ynlia," 
n  >•(    Uii'   lio.inn*   MeUli,"    /5mh 
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generally  assigned  to  the  first  discovery  of  gold,  but  they,  for 
prudential  reasons,  prevented  as  far  as  possible  tho  spread  of 
rumours  resf>ectiug  the  existence  of  gold  in  the  vicinity  of  their 
mission  lands. 

The  original  source  of  the  gold  of  California  is  undoubtedly  the 
Veins  of  guld-bearing  quartz  which  oi.cur  abundantly  iu  the  slates 
and  other  metamorphic  rocks  of  the  western  slope  of  the  Sierra. 
Historioally,  however,  these  veins  of  auriferous  quartz  are  secondary 
to  the  shallow  and  deep  placer  diggings,  in  the  former  of  which  the 
first  gold  found  in  the  State  was  discovered,  and  which  for  some 
years  furnished  nearly  the  whole  of  the  gold  produced  in  the 
country.  There  can  be  but  little  doubt  that  tho  gold  iu  the 
auriferous  gravels  was  originally  derived  from  the  degradation  of 
veins  of  gold-bearing  ([uartz,  and  the  distribution  of  the  detritus 
thus  produced  by  the  mechanical  agency  of  water.  It  has 
also  l^en  conclusively  proved  that  the  gold-bearing  gravels  of 
Califoriiia  belong  to  two  distinct  periods,  both  of  which  are 
coiiip;\rativcly  modern;  those  of  the  later  period  being  distinctly 
eepanited  in  time  from  those  of  the  earlier,  from  the  breakiug-up 
and  re-tlistribution  of  the  materials  of  which  the  later  gravels 
chiefly  derive  their  origin. 

The  sources  from  which  Califoruian  gold  has  been  derived  are 

rcon.sequently  the  following: — 
I      1st.  The  distribution  of  placer  gold  by  the  present  river  system, 
giving  rise  to  shallow  diggings. 
2nd.  The  distribution  of  placer  gold  by  an  ancient  river  system 
in  beds  of  sand,  gravel,  and  pebbles,  known  as  deep  diggings. 
^^       3rd.  Gold-bearing  qunrtz  veins  enclose<l  in  metnniorphic  rocks. 
^H      The  attention    of  the  first  miners  was  exclusively  directed  to 
^^Htbe  shallow  placers,  in  which  the  gold  lay  near  the  surface,  and 
~  within  the  reach  of  those  whoso  whole  capital  cousisted  of  ordinary 
raining  t<x)ls.      Here    their    labour  was   often  abunilantly    renm- 
nerated,    while   the    skill    necessary   was  comparatively   limited. 
In  proportion  as  these  surface  deposits  became  impoverished  and 
gradually    exhaustetl,    appliances    were,    by   degrees,  introduced 
for  sluicing   and   collecting  gold,   requiring  the   employment  of 
an   increased   amount    of  skill  and  a    somewhat  larger    capital. 
^^Finally,  it  was  discovered  that  extensive  auriferous  deposits  were 
^H[to  be  found  at  levels  far  above  the  course  of  the  present  streams, 
^^and  an  entirely  new  method  of  working  became  necessary.     In 
order  to  meet  these  new  conditions  the  system  now  known  as  the 
hydrauUc  process  was  invented,  and  deep  diggings  were  inaugurated. 
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The  gravels  and  cements  uf  the  (!•  " 

BO  closely  re«einblc  the  deep  leads  uf  An 
and  in  geological  age,  a»  scitrcely  to  rL*qutro  a  dtrtailed  d 
tion.     As,  however,  tlie  conditions  in  the  two  conntrii 
absolutely  identical,  a  short  abstract  of  Professor   JJ. 
description  of  the  deep  placers  on  the   Yuba  River  may  nul  bt 
without  interest. 

In  this  Iwulity  the  auriferous  gravels  have  frequently,  wia* 
they  h.'ive  been  exjKjsed  to  denudation,  a  thickness  of  120  feet,  lusi 
of  nioro    thnn  250   feet  where  they  have    been    protected  ^^ 
volcanic  capping.     These   immense   dejxjsits    consiat  of  roi 
fragments  of  ipiartz,  diorite,  syenite,  and    of  all  the  (QeLaniir  i 
rooks  found  almve  them  in  the  Sierra,     They  often  enclost-  inm 
pyrites,  u«<l  jwe  frequently  so  cemented  together  as  to  form  & 
conglomerate.     In  8«»mo  instances  these  auriferous  t]ep>sit«  ha' 
been  found  in  the  iinmeMliato  vicinity  of  gold-bearing  quartz  vei 
and  have  therefore,  in  such  CAses,  Iwen  formed  in  sUtt.     Tliey 
often  lo-ally    stratified,  but  there  is  usually  no  coutinuity  in 
beddins?.     (Jeneraily  speaking  the  lower  portions  consist  of  largi 
boulders  than  tho  upper,  but  this  does  not  exclude  the  appearani 
of  large  rounded  masses  of  rock  in  the  n>iddle  and  ujipcr  mombcn 
of  the  series. 

When  a  fresh  section  of  one  of  these  deposits  i«  expoced, 
such  as  may  be  seen  in  hydraulic  claims  in  atrtive  operation, 
marked  difl'erence  will  be  observed  between  the  colour  of  the  iipjier' 
mm!  lower  portions  of  the  mass.  This  is  chiefly  cau80<i  by  tie 
o.Ti<latiou  of  iron  pyrite.<»  through  the  action  of  surface  water,  tfa 
staining  tho  gravels  rod  or  brown  in  undulating  lines  contrastiD] 
strongly  with  the  blue  colour  of  tho  unoxidized  detritus.  Tljeblm 
coloure<l  ]>ortions  of  these  gravels  are  highly  impregnntc'd  with  iroi 
pyrites,  which  forms  one  of  the  chief  cementing  materiiils  by  whicl 
they  are  held  together.  Isolated  patches  of  fine  sand,  frequently  ox 
hibilitig  indications  of  false  bedding,  are  often  observed  in  the 
jiortions  of  the  deposit,  and  in  these  are  found  l.'»rge  quaniiti 
silicified  fossil  wootl,  which,  although  retaining  its  originid  structi 
is  frequently  flattonod  by  pressure  and  bljiokened  to  the  colour  «! 
coal.  Analyses  of  two  specimens  of  this  wiiod  will  be  found  on  jjuge 
In  some  instance*  these  auriferous  gravels  are  covered  by 
volcanic  cajiping  in  the  form  of  baaalt,  and  in  such  cases  the  fosuSti 
wood  is  almost  always  beautifully  silicified.  Gold  is,  to  a*nai 
extent,  disseminated  throughout  the  whole  mass  of  those 
•»rBvel  deposit.'*,  but  is  alwnys  in  greatest  abundance  near  tki 
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jttom,  and  especially  in  direct  contact  with  the  bed-rock,  wliich 
usually  grooved  and  puliahed  by  ghioial  or  aqueous  agency. 
After  tlie  reiauval  of  the  superincuuibeiit  gravels  by  the 
hydraulic  process,  the  grains  and  scales  of  gold  remaining  upon  the 
>ed-rock  are  sometimes  brilliiuitly  conspicuous.  These  are,  in 
many  cases,  inlaid  so  firmly  u[ion  the  hard  granitic  Ixd  of  the 
icient  river  course  as  to  resemble  a  gilt  luosiac  ;  and  the  whole 
irfacc  of  the  rock  has  to  be  worked  over  by  the  pick  in  order  to 
jcure  the  gold  entangled  within  its  substmu  e.  In  cases  where  the 
ed-rock  consists  of  comparatively  soft  materials  such  as  rnica  scldst 
Hr  clay  slate,  it  is  usually  found  advantageous  to  break  it  up  to  a  depth 
»f  from  eight  to  ten  inches  in  order  to  liberate  the  enclo.sed  gold. 
The  ridge  of  laud  which  is  embraced  between  the  Middle  and 
auth  forks  of  the  Yuba  River  is  from  six  to  eight  miles  in  width, 
ind.  to  the  limits  of  the  auriferous  gravel,  extemls  rdtogelher  alnjut 
thirty  miles,  thus  forming  Jin  area  of  approximately  two  hundred 
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^Bsovered  by  a  heavy  bed  of  volcanic  ashes  and  breccia,  as  seen  in 
^^wig.  86,  which  represents  a  section  upon  a  line  dravm  from  the 
^^Fellowa  Quartz  Lode,  on  the  Middle  Yuba,  south-cast,  through 
I  Snow  Point  and  Mount  Zion  to  the  South  Yuba;  once  forming  a 
^■Continuous  sheet  over  a  region  of  considerable  extent.  This  mass 
^*^of  volcanic  ashes  contains  an^pdar  frfignionts  of  cellular  lava, 
trachyte,  basalt,  porphyry,  and  of  various  other  rocks  foreign  to  the 
general  geology  of  the  country. 

The    extent  of  the  gravels  constituting  the  deep  diggings  of 
California  is  very  large,  and  in  some  instances  their  richness  h»3 
sen  rem.arkable.     A  French  engineer  who  visited  California  many 
^ears  since,  states  that,  at  Mokehimne  Hill,  250  lbs.  of  gold  had 
sen  extracted  from  a  few  centimetres  of  material  lying  immediately 
tbove  the  bed-rock,  within  an  area  of  fifteen  square  feet.'' 

•  P.  r*ar.  "  Pii  niwtnptil  el  de  I'ExpIoitRtion  de  I'Or  en  C«Iifbmic,"  Ann. 
.Vitift,  vol.  iii.  18«3,  y.  412. 
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A  remarkable  rlepusit  of  auriferous  gravel  has  been  extenani 
workerl  under  Table   Mnuatniii  iu  Tuolumne  couuty,  the  sifl^H 
of  which  is  occupied  by  a  thick  bed  of.  in  some  places,  distjuctly 
columnjir  basalt.     This  basaltic  capping  is.  in   the  n«ighlH)urlii»jl 
of  Souora,  150  feet  in  thickness,  and   near  the  entrance  of  tLr 
celebrated  Buckeye  Tunnel  its  width  is  about  1,700  feet.    Bencftth 
thia  lava  is  a  heavy  depo&it  of  sedimentary   material,  ■"     -  - 
chiefly  of  a  fine-graiaod  sjind.stone  interstratified  witJi  se.'u 
and  nrgill.aceous  shale.    With  these  are  associated  beds  of  a  sir<.!.., 
cohering  conglomerate  or  cement,  "while  at  the  bottom  is  fonnd  iiie 
ortlinary  pay  gravel.      In  California,  as  in  Australia,  these  i!iva.| 
capped  deposits  are  mined  by  means  of  shafts  a.nd  levels. 

The  metamoi-phio  nicks,  which  form  a  comparatively  narrow j 
zone,  running  from  north  to  so>jth  nlnng  the  western  flank  of  thai 
Sierra  Nevada,  contain  numerous  .ind  important  veins  of  aurifi>niujj 
quartz.*  These  are  not  by  any  means  e<|ually  distjibuted  tl)oiigh>] 
out  the  whole  region  of  slates,  but  are  chiefly  concentrated  in  hi 
belt  having  a  width,  from  east  to  west,  of  some  fifteen  or  twenty! 
miles,  and  extending  from  north  to  south  the  whole  lengtli  of  iha  | 
formation.  These  veins,  for  the  most  part,  follow  the  general  strike] 
of  the  strata  in  which  they  are  enclosed,  idthnugh  this  panvllelism| 
is  not  always  absolute.  In  nLany  coses  a  vein,  besides  having  aj 
direction  somewhat  differing  from  that  of  the  bedding  of  the  en- 
closing rock,  throws  off  strings  and  branches  traversing  the  alat«  at 
considerable  angles. 

The  gangne  of  the  auriferous  veins  of  California  is  invariably] 
quartz,  which  is  crystalhne  and  semi-transparent,  and  coutaios  aJ 
little  alumina  together  with  traces  of  potash.  In  many  cases! 
the  quartz  constituting  an  auriferous  vein  is  ribboned  in  sudiJ 
a  way  as  to  present  the  appearance  of  a  succession  of  layers] 
parallel  to  its  walls;  one  or  more  of  these  laminae  being  often! 
more  productive  than  all  the  others.  In  some  instjxnces  thecel 
parallel  bands  are  separated  from  one  another  by  thin  layers  ofl 
quartz  differing  either  in  colour  or  structure  from  that  fmningJ 
the  seams  themselves.  In  some  cases,  however,  laminae  of  UmI 
enclosing  slates  divide  the  vein  into  distinct  bauds,  and  in  sachi 
instances  the  thickness  of  the  interposed  film  of  slate  is  some"! 
times  not  greater  than  that  of  the  thinnest  paper.  Cavities  or] 
druses  lined  with  cry.stals  of  quartz  are  occasionally,  although.] 
rarely,  found  in  the  auriferous  veins  of  California,  but,  gentraliyi 

'  J-  A,  Phillips,  "  Notes  on  the  Chemical  Geology  of  the  Gold-finlds  of  CAliforoii.'l 
"*'''    Hng.,  vol.  xxxvi.  186S,  p.  231.  I 
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eaking,  nuartz  crystals  seUom  occur  in  notable  quantities  in  the 

productive  veins.     When  the  structure  of  ft  vein  is  highly 

^stalline,  and  the  quartz  more  than  ordinarily  transparent,  it  is 

»nsjdered  an  unfavourable  indication  wTth  regard  to  its  auriferoiia 

»cter.     The  quartz  of  the  gohl-bearing  veins  of  tlie  Pacific 

of   the   Sierra   Nevada  is,    as   a   rule,   comparatively   free 

)in  the  fluid  cavities  which  are  of  such  frequent  occurrence  in 

it  of  ordinary  lodes. 

The  minerals  usually  associated  with  gold  in  the  auriferous 
ns  of  Californiii  are  iron  pyrites^  blende,  and  galena,  with,  less 
jueutly,  niispickel,  magnetic  pyrites,  copper  pyrites,  and  cin- 
These  sulpliidus  invariably  enclose  gold,  and  veins  in  which 
some  one  or  mure  of  them  does  not  occur  in  notable  quantity  are 
not  often  lastingly  productive.  Near  the  outcrops  the  iron  pyrites 
and  other  sulphides  become  decomposed  by  the  action  of  air  and 
the  percolation  of  surface  waters  ;  staining  the  quartz  of  a  red 
or  brown  colour,  and  leaving  the  gold  iu  a  form  favourable  for 
amalgamation.  In  such  cases  moulds  aft^r  cu}»ical  iron  pyrites  are 
found  in  the  decomposed  veinstone,  and,  nlthough  that  mineral 
luus  been  entirely  removed,  tlie  cavities  left  by  it  contain  finely 
divided  gold,  obviously  liberated  by  the  oxidation  of  the  mineral. 
Beneath  the  line  of  the  natural  drainage  of  the  cotintry  the 
sulphides  remain  umlecomposed,  ami  the  extraction  of  gold  becomes 
more  difficult. 

In  addition  Ui  the  gold  thus  enclosed  in  tiic  various  metallic 
sulphides,  grains  and  small  flakes  of  that  metal  are  disseminated 
tlirough  the  veinstone,  and  this  is  especially  the  case  in  the  vicinity 
of  certain  dark  ctdoured  streaks  generally  aliiio.st  parallel  to  the 
Une.s  of  appiuent  dciiositiou  of  the  quartz.  Thi.s  dark  substance 
is,  in  some  cases,  roscoelite,  a  micaceous  mineral  containing  above 
StS  per  cent,  of  vanswlic  oxide.  When  gohl  is  found  lining  a  dnisy 
cavity  or  is  enclosed  in  the  plastic  selvage  of  a  vein,  it  often 
occurs  in  well-formed  crystals;  but,  when  crystallization  has  taken 
place  in  a  narrow  fi.s.sure,  the  cryst^Us  are  much  flattout-d  and  often 
become  plate-like  in  form. 

The  veinstone  regarded  by  quartz  minors  as  most  "  favourable 
for  gold,"  is  seamy,  stiiiiied  by  o.xido  of  iron  resulting  from  the 
decomposition  of  iron  jiyrit^s,  mottled,  and  somewhat  resembling 
luai'ble.  In  addition  to  q\iartz,  hydnitid  silica,  or  semi-opal,  and 
chalcedony  have  occasionally  l>een  observed  in  auriferous  quartz 
veins,  and  in  somo  instances  tlie  opaline  silica  is  iuterfoliated 
between  layers  of  i»ormal  quaitz,  and  is  conveyed  with  it  to  the 
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stamping  mill  for  treatment.  A  well-defined  band  of  semi- 
opal  of  this  kind  was  visible  in  the  North  Star  Vein,  at  Graag 
Valley,  when  I  visited  that  mine  in  1865. 

The  walls  of  the  auriferous  quartz  veins  are  generally  smooth 
and  well  defined,  and  often  afford  evidence  of  a  considerable  amount 
6f  faulting.  In  case  c)f  a  lead  '  being  divided  into  bands  by  inttr- 
foliations  of  slate  or  otherwise,  the  planes  of  junction  are  sometimes 
marked  by  deep  groovings,  indicating  that  a  grinding  action  bu 
taken  place  between  the  adjoining  surfaces. 

One  of  the  most  remarkable  gold  veins  in  California  is  the 
Great  Mother  IxkIc,  extending  from  Mount  Opbir  in  Mariposa 
County  to  Mokelumue  Hill  in  Calaveras  County,  a  distance  of 
over  seventy  miles.  This  lead,  which  frequently  crops  boldly  out 
above  the  surface  of  the  ground,  and  varies  in  thickness  from  6 
to  60  feet,  may,  in  some  places,  be  traced  almost  uninterruptedly 
for  miles  across  the  country,  and  often  presents  an  outcrop  re- 
sembling an  immense  white  wall.  Although  not  absolutely  con- 
tinuous or  always  renmneratively  productive,  this  may  be  regarded 
as  an  axis  with  regard  to  the  other  veins  of  the  auriferous  region, 
which  have  generally  a  nearly  similar  direction,  and  are  most 
frequently  grouped  at  no  very  considerable  distance  on  either  side. 
As  a  general  rule  the  (juurtz  veins  of  California  have  not  been 
found  more  siihjr'ct  to  iinpovorishniont  in  dojtth  than  are  other 
metalliferous  deposits,  niiuiy  of  tiiem  having  been  worked  bt'W 
1,500  feet  without  ajiy  diniiinition  of  tliuir  guhl  having  Utu 
(diserveil. 

Nevaila  produces  more  j^old  tlian  any  other  county  in  California, 
its  yield  during  the  year  ISSl  being  estiiuiited  at  S^.'J.TlKI.OOO; 
In  this  county  there  are  some  iniportjint  <juartz  mines,  nearly  all 
of  whieli  are  situated  in  tlie  ininiediate  neighbourhood  of  the  town 
of  (Jrass  VjiIU'V.  Of  these  mine.s  the  Idaho  is  now  the  principl, 
and  (luring  tlio  year  above  referred  to  crushed  27,94.3  tons^  uf 
quartz,  wliich  yielded  IW.O(».')  oz.  of  gold. 

At  the  present  time  the  richest  (piartz  mines  of  C.ilifornia  are 
those  of  the  l'>o(lie  ilistrict,  situated  in  Mono  (,'ounty. 

The   following  description   of  this  region  is  from  a  rejxirt  by 

■  In  Califciriiia  a  iinarlz  rriii  is  rullcil  a  "  Ii-iiil,"  iiiiil  in  Anstr-ili.i  n  "  iwf."  In 
till'  poll!  rf^ioiis  of  the  lutter  cuuiitiy  tlic  firm  liinl  ia  iiiiiilicil  to  tin-  iK'posits  of  the 

ilrvp  pllKCI'8. 

'  In  Anioiii'iin  slalislicH  of  )>r(i(hiction,  tlio 'assay  value  of  tiiillioii  w  given  in 
(Idllars  ;  tli((  value  nf  an  (iiiiici'  tiny  of  gold  l>riii<;  ^lid  0718,  «liilc  the  valui;  of  an 
oiuK'c  troy  "f  silvi'i-  is  ?r2020. 

'  Till-  .Vniirli  an  ton  \vri<,'li.s  2,0iiO  ll.s. 
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B.  Silliman  made  iu  the  ye.ir  1864.*  Bodie  Mountain,  the  point 
of  chief  interest  in  tlio  mining  district  of  the  same  name,  is 
one  of  the  hight^st  inhabited  points  within  the  limits  of  the 
TTuitC'd  States,  its  summit  1  eing  9,.500  feet  above  the  level  of  the 
sea.  The  general  aspect  of  the  country  is  desolate,  the  mountains 
we  bleak  and  precipitous,  and  the  cliffs  broken  into  rugged  steeps 
strewn  with  fragments  of  decomposing  rock.  Bodie  Mount^iin  is 
an  isnhited  mass  of  truchytic  porphyry,  consisting  of  a  lavender- 
coloured  ground-mi\s»  enclosing  crystals  of  a  white  felspar,  and 
facts  appear  to  point  to  the  conclusion  that  the  whole  region,  at 
a  not  very  remote  geological  epoch,  was  the  centre  of  great  erup- 
tive energy.  In  Mono  Lake,  twelve  miles  distant  fi-oni  Bodie, 
traces  of  these  ancient  fires  still  exist,  as  is  evidenced  by  the 
escaping  jets  of  hot  vapour,  and  the  numerous  boiling  fountains 
which  occupy  the  islands  in  the  centre  of  the  lake.  A  close 
examination  of  the  district  leails  to  the  conclusion  that  Bodie 
Mountain  is  an  island  of  eruptive  rock,  having  a  length  somewhat 
exceeding  two  miles  with  a  width  of  about  one  mile,  its  crest 
being  sub<livided  into  three  prominent  points  known  respectively 
as  Bodie  Blufl",  High  Peak,  and  Silver  Hill. 

The  whole  surface,  to  the  summit,  is  covered  with  dibris, 
the  p<iq)hyry  in  its  decomposition  having  furnished  an  ochreous 
earth  in  which  are  seen  abundant  fragments  of  quartz,  jasper, 
chalcedony,  and  other  veinstones  derived  from  the  breaking  up  of 
the  crests  of  the  various  lodes  which  intersect  the  mountain  in  a 
general  coiirse  of  N.  25°  E.  An  exploration  of  the  surface  of  the 
mountain  resulted  in  the  discovery  of  sixteen  nearly  parallel  quartz 
veins,  which  are  described  with  considerable  detail,  and  the  author 
proceeds  to  remark  : — 

"They  are  all,  at  surface,  hard,  compact,  uncrystalline  chaJ- 
ce»louic  quartz,  sterile  of  metal,  and  unpromising  for  mining 
explorations;  at  a  pretty  uniform  depth  of  forty  or  fifty  feet 
firom  the  surface  they  gradually  lose  these  characteristics, 
becoming  softer  as  we  descend,  the  quartz  assuming  more  and 
more  a  fissile  and  fri;ib!e  character ;  the  conjpact  or  chalcedonic 
portion,  greatly  diuunished  in  bulk,  forms  now  a  lining  upon  one 
or  again  upon  both  sides  of  the  vein.  or.  more  rarely,  a  seam  of 
varying  width  in  the  centre  of  the  vein;  patches  or  "horses" 
of  the  a<ljacent  porphyry  occasionally  tliniinishing  the  vein,  which 
immediately  beyond  Assumes  again  the  large.<it  pruportions. 

'   B.  i^illiinuii.    "  nifiott    t«<  llu    Kii(|iin    ImiIiI   hhi]  SiUii   Mr..;t.i»  Cunipiinv, 
A|.rU.  1864. 
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"The  metallic  contents  are  found  distributed,  usually  in- 
visille  to  the  eye,  but  indicated  by  dark  coloured  stains  panlld 
to  tlie  surfaces  of  the  quartz,  and,  when  visible,  rarely  seen  in 
|t.irticles  larger  than  grains  of  mustard  seed,  and  of  a  spherical  or 
rounded  form  rather  than  in  plates  or  scales. 

"The  observer  accustomed  to  the  character  of  auriferous 
quartz  in  other  portions  of  the  United  States,  or  elsewhere, 
is  struck  al:50  with  the  remarkable  absence  of  the  metallic 
sulphurt-t-s.  Mispickel,  so  commonly  the  associate  of  gold  else- 
whore,  seems  here  to  be  completely  absent ;  even  yellow  iron  pyrites 
and  magnetic  pyrites  are  rarely  seen.  Magnetic  iron  ore  is  pretty 
uniformly  found,  however,  in  minute  particles,  when  samples  of 
the«e  ores  are  washed  in  the  ordinary  manner." 

Pr>.ife.ii5or  Silliman  observes  that  it  is  obvious  from  the  foregoing 
statemonts  that  the  Bodie  district  is  one  of  the  most  valuable 
localities  for  the  ]irecious  metals  hitherto  discovered  in  the  XJuited 
Statt'S.  \V.  P.  Blake,  about  the  same  period,  remarks  with  regard  to 
the  B«^lie  veinstone  that,  instead  of  being  a  solid  homogeneous  mass, 
it  is  firmed  in  layers  or  coats  one  over  another  like  sheets  of  paper 
or  p;i?te-l»oard.  with  irregular  thin  seams  or  openings  between. 
'•  This  structure,  with  other  i^eculiarities,  indicates  that  the  veins 
w.^ro  tloposited  L'raduilly  in  the  fis.sures  by  thermal  spriii;»s, 
similir.  p^-rhidis.  to  tlnt.si?  now  existiii;;  at  various  points  along  tlie 
oastvMu  base  «'t'  the  Sierni  Neva<la,  as  for  exam]ile  at  Steamboat 
Springs.  Wiislioe." 

The  iiiDSt  productive  mine  of  the  Bodic  district  is  the  Staiulanl 
(."■■nsolidatid.  whioli  t-mploys  about  loO  muiers.  Its  present  deptli 
is  about  17">  tatlioms,  and  its  produotion  of  gold  and  silver  iu 
Ts.^1  .sli-htly  oxceetk'd  82,000  0(10;  during  the  year  1882  tbo 
t.ital  yioM  of  bullion  was  S^.OS-l.ojO.  The  Bodie  Consolidated  is 
t  living  fmni  sixty-five  to  eiglity  tons  of  ore  per  week  from  tli'? 
Fortuua  Vein,  and  shipping  above  S7,000  in  bullion  weekly.  The 
]>nHluotiou  of  the  Bodie  C?i>nsolidated  Mine  during  the  year  ending 
June  1st,  1MS2,  was  182  040  oz.  of  bullion,  value  of  gold 
S2(>2.42M7;  of  silver  §14:1,73708  ;  total  ?40(5,15S25. 

The  bullion  shipments  from  Bodie  district  in  1881  amount<'il  to 
S:l,17.'i.00(),  an  increase  of  more  tlian  a  million  of  iloUars  over  those 
of  187.S,  the  year  of  greatest  excitement  in  the  Bodie  mines. 

Aciording  to  an  official  return  the  production  of  gold  in 
California  fur  the  year  ending  May  31st,  1880,  amounted  to 
8l7,lo0.941,  or  820.070  oz.  t  nch  88,580  982,  or  415,105  oz., 

were  the  pnxluction  of  *■  acer,  drift,  and  river  mines. 
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d  tlic  romaimler  obtained  from  the  treatment  of  goKl  qijartz. 
Director  of  the  Uuited  States  Mint  estim.itcH  the  pro- 
uction  of  gold  in  California  in  1881  at  ?18,200,000,  and  in  1882 
vras  probablj'  something  over  §15,000,000. 
Although  California  maintains  its  position  as  the  great  gold- 
uciiig  State  of  the  Union,  and  the  deposits  of  auriferous  gravel 
till  continue  to  yield  large  quantities  of  the  precious  metal,  their 
xhaustion,  in  view  of  the  enormous  hydraulic  operations  now 
eJ  on,  may  be  looked  for  at  no  very  distant  period.  Previous 
the  discovery  of  the  Bodie  district,  the  placer  mines  yielded 
out  two-thirds  of  tlie  gold  production  of  the  State,  but  the  large 
tput  of  the  mines  in  that  region,  now  amounting  to  above  two 
,d  three-quarter  millions  of  dollars  annually,  independent  of  a 
nsiderable  proihiction  of  silver,  has  placed  the  deep  mines 
on  a  par  with  the  placers  as  regards  the  total  value  of 
heir  returns.  The  amount  of  silver  contributed  by  Cahfomia  is 
comparatively  small,  and  is  chieHy  obtained  in  the  adjoining 
counties  of  Mono  and  Inyo. 

The  production  of  the  precious  met.als  in  the  State  of  Nevada 
showed  ill  the  census  year,  ending  31st  May,  1880,  a  consider- 
able decline  as  compared  with  that  of  the  preceding  six  years. 
This  is  however  to  be  entirely  accounted  for  by  the  falling  off 
in  the  yield  of  the  Comst^ck  Lode,  and  is  not  due  to  any  decline 
in  the  general  mining  j)rosj)erity  of  the  State.  The  most  remark- 
metalliferous  deposit  in  the  State  of  Nevada  is  unquestionably 
Comstock  Lode,  situat^^d  on  the  eastern  side  of  Mount  David- 
and  partly  underlying  the  towns  of  Virginia  and  Gold  Hill. 
In  addition  to  numerous  papers  scattered  through  the  pages  of 
various  scientific  publications,  some  verj'  important  memoirs  of 
a  more  special  character  have  been  written  upon  the  Comstock 
Lode.  In  18G5  Baron  v.  Richthofen  made  an  examination  of  this 
district,  the  results  of  which  were  printed  by  the  Sutro  Tunnel 
Company,  and  in  1867  the  same  able  geologist  published  a  second 
paper,  entitled  "A  Natural  System  of  Volcanic  Kecks,"  as  a 
memoir  of  the  California  Academy,  the  classification  proposed  being 
avowedly,  to  a  great  extent,  based  on  the  geology  of  the  Comstock 
region. 

At  the  date  of  the  ptihlication  of  these  papers  microscopical 
petrography  was  still  in  embryo,  and  it  is  consequently  not  to  be 
wondered  at  that  subsequent  investigations,  aided  by  the  use  of  the 
microscope,  have  hxl  to  somewhat  modified  petrological  results ; 
but  so  far  as  the  structure  and  formation  of  the  vein  itself  ta-t* 
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"concerood  the  views  of  v.  Richthofen  have  been  coiifini>e«l  ift  t 
fBinarka>)le  manner  by  the  results  of  subsequent  investigation.        ' 

In  1H()7  Mr.  Clarence  King,  at  that  time  in  charge  of  U*e 
exploration  of  the  40th  Parallel,  made  an  examination  of  the  lode 
down  to  the  800-foot  level,  and,  although  accepting  v.  Richth'tfen't 
propylite,  he  at  the  same  time  expresses  a  doubt  whether  erent- 
ualljr  it  might  not  be  found  identical  with  andesite.  The  qoaru- 
oee  rock  which  v.  Richthofen  had  determined  as  a  Pre-TertiMT 
qnartx-iK»q))ivry,  King  regarded  its  quartz-propylite.  In  1875  the 
rocks  of  this  district  were  microscopically  examined  by  ProfesswF. 
Ztrkel,  who  confirmed  the  independence  of  propylite  and  quarts- 
|iTopylite  as  lithological  species,  and  regarded  the  quartzose  rock  as 
dacite ;  he  also  corrected  the  determination  of  the  granular  diorite, 
which  had  been  called  syenite,  and  added  augite-andesite,  rhyolitc, 
and  a  variety  of  basalt  to  the  list  of  rocks  previously  reoogniseJ. 
In  1877  Mr.  J.  A.  Church  examined  the  workings  down  to 
the  2,000-foot  leveL  The  memoir  of  this  gentleman  contuoB 
various  original  hypotheses,  among  which  the  two  following  are 
conspicuously  prominent,  namely :  that  the  ores  were  deposited  by 
substitution  for  propylite,  and  that  the  heat  of  the  Comstock  Lode 
is  due  to  the  kaoUnizing  action  of  surface  waters  ou  the  felspars  of 
the  country  Tock.  Finally,  Mr.  G.  F.  Becker,  under  the  directinn 
of  the  Hon.  J.  W.  Powell,  has  prepared  a  monograph  on  the  ge«>Iggy 
of  the  Comstock  Lode.  Of  this  report  on  the  Comstock  and 
Washoe  districts  a  summary  has  already  appeared.^ 

According  to  the  United  States  Geological  Survey  *  the  Virginia 
Range  has  resulted  from  a  Post-Juraasic  disturbance,  attended  by 
the  phenomena  of  folding  and  compression  acting  horizontally.  It 
has  also  passed  through  an  era  of  disturbances  in  Tertiarj-  and 
Post-Tertiary  times,  during  which  the  vertical  component  of  the 
dislocating  force  was  greatly  in  excess  of  the  horizontal.  Tliis 
disturbance  consequently  resulted  in  a  great  amount  of  faulting 
throughout  the  whole  region,  but  was  not  attended  by  ext«nsire 
lateral  compression  or  by  folding.  The  era  of  Post-Jurassic  dis- 
turbances was  marked  by  tlie  emergence  of  three  massive  rocks, 
namely,  granite,  diorite,  and  diabase.  During  the  Tertiary  and 
Post-Tertiary  periods  no  less  t,h.in  eight  diH'erent  volcanic  rocks 
were  ejected ;  these  have  been  described  by  American  geologists 
as  propylite,  quartz-propylite,  hornblende- andesit-e.  dacite,  augiio-j 
andesite,   trachyte,   rhyolite,   and    biv^alt.      All    of    these    rocks] 

'   Import  of  th»  U.S.  Starinni<^f  l^^'tHtgyfr,  vol.  iii.  ISSi.  pp.  2P3-330. 
»  U.S.  n'tologiml  Sunry,  Fir^'  ^5p    '.  p.  3l>.  ISfto. 
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cur  within  a  mile  and  a  half  of  the  Comstvick  Lotle,  and  there 

a  point  at  the  southern  end  from  which  a  circle  can  be  drawn 

ith  a  radius  of  one  and  a-quarter  miles,  enclosing  occurrences  of 

lie  whole  of  them.     Mr.  Becker,  after  a  careful  study  of  a  large 

lumber  of  thin   sections   under  the  microscope,   has,   liowevtr, 

ived  at  the  conclusion  that  the  rocks  which  have  been  classed 

propylite,  in  the  Comstock  district  are  merely  decomposed  forms 

species  previously  known.*     He  enumerates  the  rocks  occurring 

this  region  as  granite,  metaraorphic  schists,  slates,  and  limestones, 

ruptive  diorite  of  three   varieties,  nietamorphic  diorite,  quartz- 

jrphyry.  an  older  and  a  younger  diaba.se,  an  older  aud  a  younger 

arnblende-andesite,  augite-andesite,  and  basalt. 

The  Comstock  Lode,  during  the  middle  portion  of  its  course, 
ccupies  a  line  of  contact  between  masses  of  diorite  and  diabase,  as 
Ben  in  the  accompanying  section.  Fig.  87,  reduced  from  Mr. 
Jeckcr's  coloured  drawing,  in  which  the  dotted  portions  represent 


Fio.  S7. — Scctiun  of  llic  CuiLtluek  L<.k]c, 


^^olfataric  decomposition.     North  of  the  Ophir  Ravine  it  is  walled 

^Bii  both  sides  by  diabase  ;  soutli  of  the  Gold  Hill  Divide  it  leaves 

^■be  diorite,   and  is    carried    southward,    principally   in    dinbase, 

^^ut    touches    indistinctly    the    older    metamorphic    rocks    upon 

its  western  side.      This  lode  has  been  traced  for  a  distance  of 

22,540   feet   in   a   nearly   due   north   nnd    south   direction,   dif.a 

towards  the  east,  and  has  a  thickness  u-sually  varying  from  twenty 

to  sixty  feet.     The  vein  fissure,  which  is  also  a  line  of  fault,  wag 

jirobably  formed    in   Post-Jurassic  times,  shortly   after   the  final 

k«xtrusion  of  diorite.    The  vein  matter  of  the  Cotostock  Lotle  couiints 

crushed  and  decomposed  countr)'  rock,  clay,  and  quartz.     Tbc 

juntry  rock  in  and  near  the  vein  contains con*id<ntble  quantitie*  of 

'  Hfjwrt  of  tAt  SffrrOirv  »f  iht  Inttrinr,  rol.  iii-  ^  "i».  IW-S. 
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pyrites  and  calcite,  while  gypsum  is  not  of  anoonuDon  oocanvnce. 
The  quarts  is,  for  tlie  most  port,  crushed  into  a  finelj  gnuuba 
mass  closely  resembling  ordinary  coiutnerctal  salU  This  qturtt 
was  onc«  crystiiiiized,  and  iias  evideuUy  been  crushed  by  t^ 
movement  of  the  hanging  wall  upon  the  foot  walL 

The  Sulro  Tunnel,  starting  fiom  the  Carson  Valley,  peo«tnt£k 
the  ea&tern  country  rock  fur  a  distance  of  20,000  Ceet,  and  stdko 
Ute  lode  near  tLe  middle  of  its  productive  portion  1,900  feel 
below  its  highest  outcrop.  The  rocks  passed  throogfa  by  the 
tminel  were  hornblende-andesites  alternating  with  augit 
but  for  the  last  1,000  feet  before  the  lode  is  reached  the 
is  diabase,  while  beyond  it  the  diorite  of  Mount  DaridsoD  i»1 
encountered.  The  mines  upon  the  Comstock  Lode  were  nratj 
opened  in  1859,  and  on  June  Ist,  I88U,  the  total  length  of 
sbafls  and  galleries  in  the  different  mines  had  already  exc 
150  mile^.  The  number  of  men  employed  at  that  date  was  2,770J 
while  the  aggregrate  horae-power  of  the  machinery  was  24,130,, 
and  the  greatest  de])tb  reax^hed  exceeded  3,000  feet,  or  5fi(H 
fathoms. 

The   most    remarkable    phenomena    in   connection   with    Ute 
Comstock  Lode  is  the  intense  heat  which  prevails  in  tl>e  lower^ 
levels.     In  the  Yello*'  Jjicket  Shaft  a  hirge  body  of  water  wmJ 
struck    at   a  depth    of    3,065    feet,  of    which    the    temperatv 
was  170'  Fahr..  and  which   was  impregnated  with  sulphurett 
hydrogen.     In  the  Forraan  Shaft  there  was  a  gradual  increase 
temperature  amounting  on  an  average  to  1°  for  every  342  feet 
The  heat  of  the  Comstock  Lode  has  been  generally  ascribed  1*1 
expiring  volcanic  agencies,  but  a  few  years  since  it  was  suggested! 
by  Mr.  Church  that  it  might  probably  arise  from  the  kaoIiuLzatio 
of  felspars.     To  the  latter  theory  objections  have  on  more  than  onfl 
occasion  been  rai.-^ed,^  and  the  recent  observations  and  experiments  < 
Mr.  Becker  have  yielded  results  by  no  means  in  favour  of  the  kao 
liuization  hypothesis.*     Some  particulars  relative  to  the  amount 
hent  carried  off  by  the  waters  of  the  Comstock  mines  will  be  found 
at  p.  71.     With  a  view  of  testing  the  probabilities  of  Sandberger'l 
theory  of  lateral  secretion,  the  rocks  of  the  Comstock  district  bave^ 
been  assayed  with  all  possible  precaution  by  Mr.  J.  S.  Curtis.    The 
constituents  of  the  rocks  found  to  contain  the  precious  metals  were 
separatt'd  by  Thoulet's  method,  and  the  metals  thus  traced  to  their 

'  J.  A  Phillips,  Q%tarl.  Jour.  Chcl.  See.,  toL  xxxt.  1S79.  p.  890  ;  iVa/uns.  ro'.  xtii, 
1880,  p.  837.  ^/g^^  J 

*  G.    F.    B^J^^^^^^B|  of    the    Geology    of  the    Comstock    Ix)dir.4 
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bineralogical  sources.  The  results  of  this  investigation  furnished 
jitLTay  iuteresling  facts,  aujotig  whicli  may  be  raentionpd  the  fulluw  ing, 
lamely:  that  the  diabase  contains  a  notable  amount  of  the  precious 
■etals,  of  which  the  laiger  proportion  is  contained  in  the  augite  ; 
Kl.it  the  decomposed  diabase  contains  about  one-holf  ns  much  of 
jhese  metals  as  the  comparatively  fresh  ruck  ;  that  the  relative  qiian- 
ities  of  gold  and  silver,  both  in  the  fresh  and  decomposed  diabase, 
lorrespond  fairly  well  with  the  known  composition  of  the  Comstock 
tullion ;  and  that  the  total  exposure  of  diabasie  is  sufficient  to 
Account  for  far  larger  quantities  of  bullion  than  have  been  extracted 
i"oni  the  mines. 

In  1876  the  yield  of  the  Comstock,  aeoorrling  to  Mr.  Del 
ilar's  estimate,  was :— gold  SlS,002,906.  silver  $20,570,078;  total 
138,372,984.  During  the  census  year  the  whole  Comstock 
listrict,  including  the  Virginia,  Gold  Hill,  and  Devil's  Gate  sub- 
listricts;  the  outlying  veins,  such  as  the  Occidental,  &c.,  and  the 
^eld  of  tailings  worked  at  various  points  throughout  the  entire 
tract  known  as  the  Washoe  Country,  was: — gold  ?3, 100,156,  silver 
13.813,174;  total  1&0.022.330  ;  showing  a  decline  of  ?31,650,654  or 
1S'06  per  cent,  since  1876.  From  the  time  the  first  mines  were 
^Med  in  1859  to  1st  June  1880,  the  Comstock  Lode  had  pro- 
iuced  about  $315,000,000  worth  of  bullion,  uf  which  8175,000,000 
Iras  silver  and  the  remainder  gold.  Out  of  the  above  total  yield 
jkbout  8115  871,000  had  been  paid  in  dividends. 

Some  of   the  most  productive  silvtr  mines  in  the  State  of 
Kevada  are  situated  in  the  Eureka  and  Ely  districts.     The  White 
Pine  region,  w  hich,  after  the  discovery  of  tbe  mines  in  1868,  was  the 
scene  of  great  excitement,  now  yields  comparatively  small  returns. 
pThe  Eureka  district  consists  mainly  of  metamorphic  limestones 
sxhibiting  traces  of  stratification,  lying  on  quartzite  and  overlain 
'\>y  shale.     In  these  limestones,  which  are  partly  of  Cambrian  ami 
partly  of  Silurian    age,  are    distributed    irregular   chimneys   and 
pockets  of  ore  consisting  of  galena  with  sulphate  and  carbonate  of 
?ad.     This  ore  usually  contains  about  25  per  cent,  of  lead,  and  50 
Bz.  of  silver  per  ton.     The  Richmond  and  Eureka  Consolidated, 
both  situated  in  the  southern  portion  of  the  district,  are  the  most 
productive  mines. 

Throughout  this  district  a  great  ore-channel  extends  along  the 

eastern  base  of  Prospect  Mountain  for  a  distance  of  twelve  miles. 

This  appears  to  be  a  contact  deposit  in  a  formation  of  limestone, 

^^quartzite,  shale,  c&c,  and  from  the   various  mines  pc.iftprcd  ali.ii^ 

^■the  main  deposit  and  its  various  branches  above  fi  f 
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dollars  have  been  oxtractod.    The  Richmond,  which  is  ih'  :--      1 
of  a  London  company,  is  reputed  to  be   one  of  the  h  J 

mines  in  America,  and  is  now  down  1,230  feet  bidow  the  buiImm 
The  Richmond  fumacos  have  the  reputation  of  being  the  \ufim 
producers  in  the  worhi,  and   the    accumulation   of  lead  in  tka 
company's  premises  in  July  1881  was  about  50,000  tona  of  uiAii^ 
uiotal,  there  being  an  acre  of  ground  outside  the  refinerr  jileil 
Bulidly  five  feet  high  with  pigs  of  load.     This  mine  during  ihefinl 
nine  years  of  its  existence  produced  $61,000,000  of  buUitm,   Of  il- 
total  yield  of  the  ore  33  per  cent,  is  gold  and   66  per  c«nt.  p    • 
with  a  production  of  one  ton  of  lead  to  five  tons  of  ore  sui 
.1(10   men   are  employed   at   the  mine   and    furnaces,  o()0  uio«» 
furnishing  fuel,  &c. 

The  Eureka  Couaolidated  haa  bad  from  the  time  it  «■»  fij* 
opened,  a  dozen  years  ago,  a  prosjwjrous  existence.  The  out|mt  itt 
the  quarter  ending  September  3l>th.  1881,  was  #305.074,  an.l.  ac- 
cording to  published  statements,  bullion  to  the  value  of  ♦l,3'.'f:<;i^ 
waa  8hip{K-d  during  the  year.^ 

The  yield  of  the  placer  mines  of  Nevada  is  compantivvij 
insigniHcant,  as  no  imporUint  gravel  deposits  provided  with  i 
8uital>le  water-supply  are  known.  The  total  production  of  bul'i  ■: 
in  this  Staf-e  during  the  census  yem-  wivs  :  .j-oM  S+.SdbJ^iT,  iiia 
$12,43U,«GG. 

The    bullion    production   of   Utah,  if    not    i«.:markable  for  iu 
amount,  is  at  least  very  regular  in  (luantity,  and  has  not  mat^riallt 
varied  for  many  years.    The  proportion  of  gold  annually  obtnirio' 
is  small  as  compared  with  that  of  silver,  anil  the  only  placer  gold 
pro<luced,  amounting  in  the  census  yeai-  to  about  $20,000,  was  &«■ 
West  Mountain  district  in  Salt  Lake  County.     Above  one-fifth  m 
the  total  production  of  bullion  in  this  Territory  rtp|>ears  during  Im 
census  j'ear  to  liavu  been  supplieil  by  the  mines  of  the  OuLaria 
Silver  Mining  Co.,  which  are  situated  near  Park  City,  Utah,  tturtjl 
two  miles  east  of  Salt  Lake,  and  at  an  elevation  of  almtit  8.041 
feet  above  the  s«.^a.     The  principal  mining  claims  beloi*giug  U)  \\m 
company  are  the  I^ast  Chance,  Ontario,  and  Switzerland,  czteDdial 
on  a  line  on    the  direction  of  the  lode,  and    each  l,i>0()  fe«?l  m 
length  by  200  feet  in  width.     The  vein  fills  a  strong  well-defineJ 
fissure  having  a  course  neai-ly  east  and  west,  with  a  northerly  da 
varying  from  vertical  to  70°.     The  vein  fissure  traversea  a  belt  m 
quartzite,  cutting  through    the    layei-a  of    the   formation    uncoiJ 

'  "  Report  of  the  Director  of  tlie  Mint  nion  the  Production  of  l'r.ci..tis  Midh  J 
tlio  U.S.,"  Wwhinj^n,  1882.  p.  12».  | 
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Hbrmably  buth  on  tlie  dip  and  the  strike.  Ou  the  nurth,  or  lianging 
\vall  of  tlie  vein,  is  u.  dyke  of  grey  porphyry  100  feet  in  width, 
intersecting  tlie  bedding  of  the  quartidte  with  a  general  course 
nearly  parallel  to  the  lode.  On  the  east  this  poi-phyry  approaches 
ilosely  to  the  vein  and  in  some  places  even  forms  its  wall, 
Towards  the  west  it  diverges  and  is  separated  from  the  vein  by  a 
variable  thickness  of  quartzite. 

The  lode  has  been  explored  on  its  course  by  underground  work- 
ings for  a  distance  of  nearly  3,1)00  feet ;  the  deepest  point  at  wliicli 
it  has  been  cut  being  at  the  seventh  level  or  over  700  feet  below 
the  outcrop.  The  fissure  varies  in  width  from  two  t-o  twenty  feet, 
the  u-isual  width  being  from  four  to  five  feet,  and  throughout  this 
large  extent  no  faults  or  dislocations  occur,  the  continuity  being 
unbroken.  The  filling  mainly  consists  of  material  derived  from 
the  walls,  being  a  mixture  of  finely  ground  quartzite  and  clay, 
resulting  from  the  decomposition  of  the  encasing  porphyry.  The 
ore  has  been  deposited  in  the  fissure  in  a  continuous  sheet,  ex- 
tending from  the  surface  as  far  <l  own  wards  as  the  explorations  have 
penetrated,  and  forming  a  well-defined  shoot  of  ore,  At  the 
surface  this  shoot  had  a  length  of  only  about  500  feet,  the  fissure, 
although  continuing  beyond  the  ore  body  to  the  east  and  west, 
being  filled  with  material  derived  from  the  walls  and  containing 
but  small  quantities  of  mineral.  As  this  shoot  was  followed  in 
depth  it  increased  in  length,  until  at  the  sixth  level  it  attained  a 
length  of  1,500  feet.  Not  only  has  this  increased  in  length  as  it 
has  been  explored  in  depth,  but  there  has  also  been  a  gradual  in- 
crease in  the  width  of  the  ore,  which  in  the  upper  levels  averaged 
only  from  one  foot  to  one  and  a  half  foot,  while  in  the  fifth 
and  sixth  levels  it  is  at  least  two  and  a  half  feet  wide,  and  for 
oonsiderable  distances  occupies  the  whole  breadth  of  the  fissure. 
With  this  increase  in  the  dimensions  of  the  shoot,  the  ore  has 
become  richer  as  greater  depth  has  been  attained.  The  first  ore 
worked  yielded  an  average  of  from  $70  to  $8C  per  ton,  while  that 
extracted  from  below  t!ie  fifth  level  mills  from  $125  to  §14.")  ]ier 
ton,  and  the  vein,  wla-re  cut  at  the  depth  of  700  feet,  samples  still 
higher. 

Below  a  depth  of  400  feet  the  ore  is  undecoroposed,  consisting 
essentially  of  argentiferous  blende,  associated  with  snudl  quantities 
of  grey  copper  ore  rich  in  silver,  a  little  galena,  and  iron  pyrites. 
Nearer  the  surface  the  ore  hns  been  much  changed  by  oxidation, 

zinc   having  been  removed,  and    the    silver  occurring   mostly  as 
chloride  with  some  native  silver   and   oxidized  coi^\xi'c  ft.'osi  Wwl 
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minerals.     The  gangue  forms  about  35  per  cent,  of  tli'  i1 

goes   to   the   mills,  and  is   composed   of    clay  and   di:?i  ij 

iiuartzite.      The  ore   is   sometimes    massive^  although    the 
frequently  exhibits  a  luinded  structure  with  seams  parallel  to 
Willis,  yet  showing  no  evidences  that  the  process  uf  formatiao 
interrupted.      The   ore   is  soft,  friable,  easily  mined,  rea*lily 
tached  from  the  walls,  and  is  separated  from  the  gangue  with 
difficulty.     The  tnine  is  very  wet,  especially  in  the  western  grom 
necessitating  the  use  of  powerful  pumping  raacliinery. 

The  Outftrio  Mine  was  discovered  June  19th,   1872,  and 
amount  of  ore  extracted  from  that  date  to  January  1st,  1877. 
13,604  tons,  yielding  $1,056,713  gross  bullion.     From  January  1st, 
1877,  to  April  1st,  1881,  the  quantity  of  ore  mined  and  raillefl  vi 
62,601  tons,  yielding  $0,950,788,  a  total  production  of  7G,205  ton 
and  a  gross  bullion  value  of  88,007,501,  being  at  the  rate  of  $1051 
per  lou.^     The  total  production  of  the  precious  metals  in  Ul 
during  the  census  year  ending  May  31st,  1880,  was  $5,034,(51 
During  that  period  the  production  amounted  to  : — gold  $291,55| 
silver  $4,743,090. 

A  considerable  impulse  has  been  given  to  the  mining  iudust 
of  Arizona  by  discoveries  recently  made  in  the  Tombstone  distrit 
in  Pima  County,  but  the  bullion  production  of  that  area  had  oji 
begun  to  come  forwai-d   during   the  period   covered    by  the 
ceusus.- 

The  mining  district  and  town  of    Tombstone  are  situated 
Cachise  County,  Arizona  Territory,  at  the  north-west  end  of 
Mulo  Pass  range  of  mountains,  on  the  right  bank  of  the  San  Pt 
River,  from  which  the  town  is  nine  miles  distant.    It  is  also  twent 
four  miles  south  of  Bens(m  Station  on  the  Southern  Pacific  Railra 
of  Arizona,  and  about  fitrty  miles  north  of  the  Mexican  line, 
altitude  above  the  .sea  is  approximately  4,600  feet.     The  Dragc 
Mountains  rise  to  the  north-eai't,  and  the  Huachuca  Range  liesi 
the  south-west.     The  country  is  without  timber,  and  the  surfa 
where    the    mines  are   opened  is    in   general   gently  rolling   m 
accessible  to  waggons  by  natural  roads.     The  first  mining  gr 
were  made  in  the  year  1878,  and  there  arc  now  probably  over  on? 
thousand  clainis  taken  up  in  the  district  and    upwards  of  2,500 
inhabitants.     The  output  of  the  precious  metals, gold  and  silver,  i 


*  W.  A»lilnirn<!r  niirl  W.  P.  Jciiiiey,   "  Report  on  the  Ontnrio  Silver  Mitiij 
Compruiy'.i  [iroperly,"  San  Fmiicisfo,  1881. 

»  William  P.  Blake,  T  CS.,  "  Tho  Geology  and  Veins  of  Tombstone,  Arizon 
Traiu.  .liner.  Injtt.  Mining  Enffin«eri,  vol.  x.  188S,  p.  33*. 
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1  January  Ist,  1882,  amounted  to  87,359,200,  and  over  §3,000,000 
■kl  been  «lisbursetl  in  dividends. 

I  In  going  from  Bciiauu  to  the  mines  tlie  traveller  riaes  from  the 
Pb8t.-Pliocene  deposits  along  the  San  Pedro  to  a  granitic  plateau. 
Khe  rock  is  grey  and  ingbly  crystalline,  is  apparently  eruptive,  and 
leathers  inlu  gigantic  ruiiuded  blocks  lying  one  upon  another,  as 
■  piled  there  by  some  enormous  force,  and  extends  to  within  a  mile 
m  two  of  Torabstiiue,  where  stratified  formivtions  occur  overlying 
lie  granite.  These  stratilied  beds  consist  oi"  (luartzitcs,  limestones 
kd  slates,  with  frequent  repetitions  in  au  ascending  series  several 
plouaand  feet  in  thickness;  but  all  conformable,  and  dipping, 
■enerally  at  a  low  angle,  toward  the  east.  The  fossils  which  have 
Eeen  foimd  in  the  middle  and  upper  beds  show  them  to  be 
nalteozoic  and  probably  of  Lower  Carboniferous  age,  while  the 
fewer  strata  are  probably  older. 

I  In  addition  to  the  stratified  formations  there  are  intrusive 
porphyritic  dykes  cutting  indiscriminately  through  the  strata  neiirly 
at  right  angles,  an<l  trending,  approximately,  north  and  south.  This 
is  the  direction  of  the  general  faulting  of  the  country,  and  also  of 
he  mineral  veins.  In  the  central  portion  of  tlie  district  erosion 
as  exposed  the  outcropping  edges  of  many  strata  of  limestones, 
shales  and  quartzites.     Both  the  shale  and  ipiartzite  beds  are  very 

Kino-grained  and  compact  in   texture,  with  scarcely  any  signs  of 
[rauular  structure.     The  tatter  is  flijjt-like  and  har<l,  and  is  more 
ixactly  described  as  a  novaculite  or  honestone  ;  passing  in  places 
nsensibly  into  &ilrceous  limestone.     An  abundance  of  iron  pyrites 
iu  fine  crystalline  grains  is  disseminated    through    the  layers   of 
this  rock,  which  derives  special  importance  from  the  fact  that  the 
mines  on  the  Tougli  Nut  and  Good  Enouj^h  claims  find  it  below  the 
chief  ore-bearing  limestone.     The  beds  above  it  consist  of  dork, 
black,  or  blue  limestones,  and  of  thick  beds  of  dark  argillaceous 
^_flliale,  alternating  with  black  siliceius  shales  for  nearly  half  a  mile 
^Hlu  the  eastward.     The  black  limestones  above  the  novaculite  are 
^^phe  chief  repositories  of  the  bi'<ldfcd  masses  of  rich  silver  ure. 
^B       The  whole  series  of  beds  in  this  centnd  part  of  the  district  is 
thrown  into  fokhs,  being  regularly  plicated  in  a  series  of  wave-like 
fle.xuns  which  may  be  traced,  although  with  some  diflicully,  upon 
^^  the  surface,  but  are  best  seen  in  the  cross-cuts  of  the  mines  and 
^ndong  the  drifts.     In  the  open  cut  upon  the  Tough  Nut  tliere  is  a 
^^good  exposure  of  some  of  the  beds  at  the  crest  of  an  anticlinal  fold, 
presenting  au  appearance,  in  section  along  a  north-east  and  south- 
west cut,  as  shown  in  Fig,  88,  in  which  a  is  novaculite,  under  the 
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limestone,  h  limestone  bendiog  over  the  novaculite,  and  e  dula 
over  the  limestoue. 

This  section  is  along  the  upper  level  known  as  the  adit,  aad  ii 
•lirectly  belnw  the  place  on  the  surface  where  ore  was  found  cmppiii|; 
out  mixed  with  soil  and  vein-stuff.  At  another  place  there  '\a  % 
series  of  pticatious,  at  about  the  angles  shown,  with  rich  ore  Ijiugiii 
the  folds.  These  folds  are  not  large,  covering  a  few  hundred  fcrt 
in  extent  only,  but  are  beautifully  regular  and  well  defined;  iu 
the  series  of  strata  to  the  eastward  the  dip  becomes  more  regnW, 
coarse-graiued  quartzites,  in  tliicker  beds,  taking  the  plaoe  of  fioef- 
grained  deposits.  All  of  the  formations  named  have  not  only  be« 
uplifted  as  described,  but  have  been  much  broken  and  fonltd 
either  at  the  time  of  uplifting  or  subsequently. 


M 


* i — T 

Vki.  (>8,— Aiitk'lliiAl,  Tongli  Nut  dalai. 


The  chief  ore-bearing  vein  of  the  district  traverses  the  Grand 
Central  and  the  Contention  claims.  These  were  laid  out  in  a  nortli 
and  south  direction  upon  the  somewhat  obscure  outcrop  of  a  dyke 
of  dioritic  porphyry  carrying  ore  in,  through,  aud  alougsiiJe  it 
The  outcrop  was  not  well-defined,  consisting  of  porphyry  and  of 
a  confused  mixture  of  poq)hyry,  chert,  and  quartz,  with  masses  of 
porous  quartzite  alongside,  none  of  the  rocks  rising  high  above 
the  soil.  There  was,  however,  a  considerable  discoloration  by 
oxido  of  iron,  aud  a  small  amount  of  digging  revealed  good  ore 
near  the  surface.  This  dyke  varies  in  width  from  a  few  feel  to 
seventy  feet,  and  dips  to  the  westward  at  an  angle  of  from  5.5°  to 
65°.  It  cuts  indiscriminately  through  shales,  quartzites,  and  lime- 
stones, and  is  evidently  of  igneous  origin.  Its  contact,  howe\'er, 
with  the  abutting  edges  of  the  disrupted  beds  is  not  always  marked 
by  any  mat-erial  change  in  their  appearance  or  composition,  although 
in  places  there  is  obscure  metamorjdiism,  and  some  slight  modifica- 
tion of  structure.  The  dyke  itself  htis  a  distinct  vertical  lamination, 
and  is  more  or  less  penetrated  by  thin  veins  of  quartz.     In  some 

iu  others  it  consists,  chieHy. 
'  crystals  are  obscure.     It 


portions  it  is  highly  crystalline,  wIuIa. 
of  a  felspntliic  base  in  which.'' 
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nnnlly  passes  into  a  felsite,  wliicli,  in  the  decomposefl  portions  of 
the  dyke  and  when  slaty  in  structure,  might  be  niistJiken  for 
alttred  shale  or  quartzite.  Large  portions  of  the  dyke  are  so 
penetrated  by  quartz  as  to  consist  largely  of  that  mineral,  although 
close  examination  shows  the  presence  of  felspar. 

There  is  also  a  considerable  amount  of  mineralization  of  the 
dyke  by  iron  pyrites  disseminated  irregularly  in  cubical  crystals, 
most  of  which  have  dissolved  out  and  left  cavities  only  to  indicate 
their  former  presence,  giving  rise  in  some  places  to  a  spongy  mass  of 
either  porphyry  or  quartz.  Although  the  mines  have  been  worked 
to  a  depth  of  (JOO  feet  and  there  are  some  twelve  to  fifteen  miles  of 
drift?,  levels,  and  winzes  in  the  Contention  and  adjoining  mines,  the 
«m<lecnmposed  ores  below  the  water-level  have  not  been  reached, 
and  all  the  minerals  above  that  point  are  in  the  decomposed  and 
oxitiizcd  condition  common  to  surface  ores.  A  large  portion  of  them 
is  charged  with  red  oxide  of  iron  to  such  an  extent  that  the  cloth- 
ing of  the  miners  becomes  saturated  with  the  rouge-like  powder,  and 
the  tailings  at  the  mills  are  blood-red  in  colour. 

There  has  been  an  extensive  decomposition  of  the  porphyry 
along  the  upper  3U(I  feet  of  the  dyke,  resulting  in  the  forma- 
tion of  quantities  of  kaolin,  sometimes  perfectly  white  and 
pure,  hut  generally  more  or  less  stained  by  red  oxide  of  iron. 
Tbia  kaolinization  extends  in  places  to  the  adjoining  shales,  and 
there  are  some  white,  clay-like  interstratified  beds,  which  may, 
on  further  examination,  be  found  to  be  altered  felsitic  offshoots 
from  the  dyke.  The  only  metalliferous  contents,  with  the  excep- 
tion of  the  pyrites  and  some  galena  and  lead  carbonate,  are  gold 
and  silver  in  a  partially  free  state,  part  of  the  gold,  if  not  all 
of  it,  being  free;  the  silver  occurring  chieily  as  chloride,  with 
probably  some  iodi<le.  The  average  value  of  gold  and  silver  in 
the  ores  worked  in  1880  was  about  $70  per  ton.  The  gold 
represents  from  20  to  25  per  cent,  of  the  value  of  the  product, 
the  remainder  being  silver.  A  very  interesting  fact  is  the  oc- 
currence of  metallic  gold,  togctiier  with  chloride  of  silver,  dis- 
seminated in  the  midst  of  the  porphyritic  rock,  at  a  distance  of 
many  feet  from  the  portions  of  the  poq.>hyry  cairying  quartz  in 
veins.  This  gold  is  fnund  chiefly  in  a  portion  of  the  rock  ctm- 
taining  tintly-disseminated  hornblende.  In  decomposing,  this 
porphyry  becomes  steatitic,  and  in  places  appears  to  be  changing 
to  serpentine.  The  gold  is  found  in  thin  sub-crystalline  flakes  and 
scales,  chiefly  in  and  along  thin  seams  and  cracks  in  the  mass  of 
the  rock,  as  if  it  had  been  infiltrated  and  deposited  from  solution. 
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Tree  gold  is  also  found  in  quartz  in  the  usual  manner  of  assocaJ 
tion ;  but  even  in  such  specimena  the  crystalline  felspar  of  the] 
dvke  is  also  found.  I 

The  wh<^e  of  the  dyke,  together  with  the  adjoining  strata,  hai' 
been  subjected  to  extensive  movements  and  displacements,  sboim 
not  only  by  breaks  of  continuity,  but  by  brecciated  cross-cur- 
and  by  seams  traversing  both  the  igneous  and  stratified  fomia 
This  disruption  of  the  dyke,  with  its  attendant    fractaring  ami 
brecciation  of  the  country  rock,  accompanied  by  the  uiovemeot 
of  the  dyke  upon  itself,  afad  the  formation  of  heavy  clay  scanu, 
has    provided    suitable    places    for     the    accumulation    of   ore, 
which  is  generally  found  in  the  softer  and  more  broken  portions 
of  the  dyke.     The  only  place  upon  the  lode  where  water  has  been 
reached  is  upon  the  Sulphuret  claim.      At   this  point  tbe  luiie 
intersects  limestone,  and  there  is  a  bedded  layer  of  ore  following 
the  stratification  and  connected  with  the  dyke ;  this  ore  is  cLiefl 
galena  and    iron    pyrites.      Bedded  ore  deposits   are    associated 
with  bedded  dykes,  and  with  vertical  fissures  nearly  |)arallel  with 
the  Contention  Lode.     One  of  the  longest  and  best  defined  is  ihi 
West-side  Lwle,  which  may  be  traced  for  about  two  miles,  until  il 
passes  into  the  underlying  granite. 

A  line  of  fissure  cuts  across  the  anticlinal  line  of  the  fonna- 
tions  at  the  open  cut  on  tbe  Tough  Nut,  and  crosses  tlie  wliold, 
breadth  of  the  Good  Enough  into  the  claint  beyond.  This  baa 
been  followed  on  ore  from  the  open  cut,  and  is  connected  with 
the  chief  lateral  bedded  deposits.  A  lode  has  also  beei 
followed  in  the  .same  general  direction  from  the  claim  called  t 
Defence  across  the  Tough  Nut  into  the  Good  Enouglj.  This  lodi 
is  marked  by  heavy  outcrops  of  quartz,  and  by  flinty  bould 
lying  above  the  limestone  on  the  surface 

The  bedded  offshoots  from  the  vein,  which  are  often  of  con- 
siderable lateral  extent,  following  the  planes  of  stratification  od 
either  side^  may  be  due  to  the  decomposition  of  nodular  masses, 
but  they  are  generally  deposited  in  the  limestone  as  if  by  replace- 
ment.    They  may  be  regarded  as  filling  irregular  cavernous  spac 
eroded  in  the  strata  by  metalliferous  solutions,  and  are  withou 
any  regular  boundaries.      The  bed<led  masses  do  not  exhibit 
syraraetrical  arrangement  of  the  ore,  except  such  as  may  be  refe 
to  stratification  or  deposition  by  gravity.     It  is  to  be  observed  thai 
the  bedded  masses  of  ore  occupy  the  limestone  rather  than  th 
siliceous  or  argil laccoii'^  ..t,^,* ,    ^  might  Imj  expected  from   tli 
greater  solubility  of  liriL' 
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been  much  larger  than  the  ore  bodies  of  the  vertical  fissures,  and 
it  may  be  said  that  the  larger  portion  of  the  production  has  been 
from  beds  or  flats.  They  e.\tend  irregularly  between  two  fissures, 
for  a  distance  of  about  40ll  feet  measured  dingonally  along  the 
dip.  It  is  noteworthy  that  they  follow  the  stratification  for  some 
distance  and  then  sudtlcnly  break  across  it  vertically,  following  a 
crack  or  break  in  the  bedding,  and  then  again  expand  horizontally 
for  some  distance  to  another  crack,  when  they  drop  down  by  a 
series  of  steps  from  one  layer  to  another  between  the  limestones. 
The  ores  found  in  these  bedded  deposits  in  limestone  are  much 
more  plumbiferous  than  is  the  ore  of  the  fclspathic  dyke.  Galena, 
blende,  and  iron  pyrites  are  abundant  in  masses,  which,  within  the 
reach  of  oxidizing  agencies,  are  largely  converted  into  oxides  and 
carbonates. 

The  Castle  Dome  district  lies  in  the  foot-hills,  and  on  the 
■western  slope  of  a  range  of  mountains,  in  Arizona,  eighteen  miles 
east  of  Castle  Dome  Laixling,  on  the  Colorado  River.  The  district, 
as  already  traced,  is  two  miles  in  width  and  seven  in  length,  following 
the  trend  of  the  mountains.  The  lodes  in  this  district  were  re- 
discovered in  the  year  18(3^,  hut  it  is  evident  that  they  had  been 
opened  and  worked,  to  a  shallow  depth,  at  a  comparatively  remote 
period,  jjrobably  by  some  of  the  Spanish  priests  who  first  made 
their  way  from  ilcxico  into  Arizona.  The  ore,  M'hich  occurs  in 
true  veins,  is  a  dfn.se  brilliant  galena,  carrying  about  3Q  oz.  of  silver 
per  ton.  The  rocks  of  this  region  are  compact  fine-grained  mica 
schists  and  clay  slates,  standing  nearly  on  edge,  and  traversed  by 
numerous  pnrphyritic  dykes,  which  apparently  bear  some  close 
relation  to  the  mineralization  of  the  veins.  The  veins  have  a 
general  north-west  and  south-east  course,  their  outcrops  being 
made  chiefly  evident  by  fragmentary  crystals  of  rose-coloured  fluor 
spar,  which  constitutes  the  chief  veinstone  accompanying  the 
galena,  and  which  forms  an  excellent  flux  for  the  ore.  This  is  the 
only  known  instance  of  the  general  occurrence  of  fluor  spar  in 
lead-bearing  veins  in  the  United  States.  Calcite  and  gypsum  are 
also  often  present,  and  in  some  of  the  veins  quartz  constitutes  an 
important  portion  of  the  gangue,  being  either  .arranged  as  combs 
pan>lk'l  to  the  walls,  or  forming  sheets  in  the  middle  of  the  veins. 

During  the  first  six  months  of  the  year  1879  the  shipments  to 
San  Franci.«co,  where  the  works  of  the  company  are  situated, 
amounted  to  438J  tons  of  ore,  yielding  821,367,  or  an  average  of 

Eper  ton  of  2,000  lbs.     The  avernge  percentage  of  lead  was  69, 
the  contents  of  silver  26  oz.  per  ton.    The  value  of  the  lead 
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per  ton  wa?  $25 '61,  and  the  value  of  the  nlver  at  90 
per  oz.  §23  89  per  ton  of  ore ;  making  a  total  of  $4D"50  per 
of  ore.' 

The  total  prod  action  of  Arizona  daring  the  census  year 
estimated  at  $211,966  for  gold  and  $2,325,826  for  ailrer,  and 
consequently  the  }ie)d  of  the  Icitter  is  much  in  excess  of  that  of 
gold.  Mr.  King,  however,  states  that  frum  not  being  in  WMoe  cases 
furnished  with  the  necessary  returns,  the  above  estimate  naj 
jjossibly  be  wrong  to  the  extent  of  some  20  per  cent. 

The  gold  production  of  Idaho  during  the  census  year  amoonted 
to  $1,479,655,  of  which  59*42  per  cent,  was  the  yield  of  plaeen^ 
and  40-58  per  cent,  the  result  of  deep  nnning  ;  the  proJuctioD  of 
.silver  for  the  same  year  amounted  to  only  $464,550.  The  principal 
mining  areaa  are  those  of  Owyhee,  the  New  River  ooantiy,  and 
the  Yankee  Fork  region. 

Oregon  is  one  of  the  oldest  of  the  western  mining  States, 
finding  of  gold  within  its  boundaries  having  closely  followed 
di.'icovery  of  that  metal  in  California.     Its  yield  was  never 
in  comparison  with  that  of  the  neighbouring  State,  but,  alth 
the  mines  have  now  become  secondary  to  its  agricultural  resoi 
they  Rtilt  afford  remunenitive  employment  to  many  of  its  inhabitaal 
Tlic  quartz  veins  of  the  portion  of  the  State  which  adjoins  Id. 
continue  to  yield  the  greater  portion  of  the  total  deep-mine 
duction  of  the  country.     The  prevailing  tjrpe  of  the  ore  is  an  ea 
worked  auriferous  quartz,  although  rebellious  gold  ores,  requ 
upecial  treatment,  are  foimd  in  some  localities,  and  a  small  amou: 
of  silver  is  produced  in  Grant  County.      This  county  also  tab 
the  lea<l  in  placer  mining,  while  Baker,  Jackson,  and  Josephi 
Counties  also  furnish  a  considerable  amount  of  alluvial  gold.     The 
production  of   the   precious   metals   in  Oregon   during  the  y 
ending  May  31st,  1880,  was  :— gold  $1,097,700.  sUver  ^527.793. 

Of  the  comparatively  small  production  of  the  deep  mines  of 
Washington  Territory,  by  far  the  larger  portion  comes  from  i 
Pesha.stiu   district,  in  Yakima  County,  where  quartz    mining 
(arricfl  on  upon  a  limited  scale.     The  Upper  Columbia  pi 
furnish  above  one-half  of  the  alluvial  gold  annually  obtained  in  t.l 
Territory.     The  yield  of  the  precious  metals  during  the  year  1» 
amounted,  according  to  official  returns,  to: — ^gold  $135,800,  silver 
1*1,019. 

The  vast  region  of  Alaska,  occupying  an  area  of  half  a  million 
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Bqiiare  miles,  remains  for  the  most  part  still  unexplored,  while  its 
exceptionally  severe  climjito,  and  its  remoteness  from  facilities  of 
communication,  must  always  remain  obstacles  to  the  development 
of  its  mines.  ItvS  gold  is  derived  exclusively  from  placers,  among 
■which  tltoso  of  the  Takou  district  are  the  most  productive.  Accord- 
ing to  official  returns  the  total  production  of  Alaska  during  the 
census  year  was: — gold  ?5,9ol,  silver  ^ol. 

The  total  production  of  the  Pacific  division  of  the  United 
States  during  the  same  year  amounted  to: — gold,  §25,261,828, 
silver  §21,143,881. 

Division  of  the  Rocky  Mountains. — The  division  of  the 
Rocky  Mountains  comprehends  Colorado.  Dakota,  Montana,  New 
Mexico,  and  Wyoming.  This  division  yields  23'60  per  cent,  of  the 
gold  and  ■iS"45  per  cent,  of  the  silver  annually  produced  in  the 
United  States ;  in  addition  to  which,  a  large  proportion  of  tlie  lead 
produced  in  the  country  is  obtained  from  the  mines  of  this  region. 

From  an  average  annual  production  of  between  three  and  four 
millions  of  dollars,  Colorado  has  suddenly  risen  to  the  first  rank 
among  the  States  and  Territories  as  a  producer  of  mixed  bullioni 
of  which  the  larger  proportion  is  silver.  As  a  gold-producing 
State  it  occupies  the  fourth  place.  The  most  important  mining 
urea  in  the  State  of  Colorado  is  that  in  the  vicinity  of  Leadville, 
a  town  situated  in  Lake  County,  on  the  western  Hank  of  the 
Mosquito  or  Park  range  of  mountains,  and  on  the  eastern  slope 
of  the  valley  of  the  Arkansas,  at  a  mean  average  elevation  of 
10,150  feet  above  the  level  of  the  sea.  The  Rocky  Mountain 
Chain  is  here  composed  of  three  more  or  le.ss  parallel  ranges ; 
the  Colorado  or  Front  Range,  the  ilo.sij^uito  or  Park  Range, 
and  the  Sawatch  Range.  The  Arkansas  Valley  is  a  meri- 
dional depression  about  sixty  miles  in  length,  by  sixteen  in 
width,  bordered  by  the  sharp  peaks  of  the  Mosquito  Range  on  the 
east,  and  by  the  equally  high  but  broader  mountain  mass  of  tbo 
Sawatch  Range  on  tJie  west.  At  a  distance  of  about  twenty  miles 
from  its  head  the  foot-hills  of  the  bordering  ranges  close  together, 
con6j)ing  the  present  bed  of  the  steam  within  a  narrow  rocky  canon, 
a  few  miles  above  the  town  of  Granite. 

On  the  upper  ed^'e  of  a  gently -sloping  terrace,  between  Big 
Evans  and  California  Gulches,  and  at  the  base  of  Carbonate  Hill, 
the  extremity  of  a  western  .spur  of  the  Mosquito  Range^  is  situated 
the  city  of  Leadville.  Gold  was  first  discovered  in  1859  on 
Tarryall  Creek,  at  the  head  of  the  South  Park,  and  early  in  the 
spring  of  1860  two  parties  of  prospectors  stumbled  almost  sirnul- 
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taneooflly  apoo  ridt  d^^i^  in  Califoreia  Galcfa.  near  the 
nte  of  Leadville.  Large  qtunlittes  of  Bllarial  gold  were  obuiatd 
from  this  gulch,  and  a  town  was  built  along  ita  banks,  koowa  a 
Oro  City ;  Ute  richer  placers,  howerer.  became  rapidly  exhaasttid, 
and  in  the  oourte  of  three  or  four  ye&n  the  popolation  of  the  town 
of  Oro  hatl  become  reduced  from  thous-uxis  to  handr^eds.  Tb« 
minera  of  that  date,  who  had  acquired  their  experience  in  the 
gol<l-fieI(ls  of  Calirnruia,  knew  little  or  notiiing  about  the  ores 
of  silver,  but  prospecting  for  gold  wa5,  to  some  extent,  carried  on 
u[)on  the  outcrops  from  which  the  gold  of  the  placer  diggiogi 
had  been  derived.  The?e  operations  resulted  in  the  discorery  «f 
several  gold  mines  which,  for  a  time,  brought  back  a  gleam  of 
renewed  prosperity  to  tlie  dwindling  camp  at  Oro,  but  of  whose 
yield  no  data  are  available.  Few  however,  if  any,  suspected  tbe 
value  of  the  so-called  *'  heavy  rock,"  fragments  of  iron-stained 
carbonate  of  lead,  which,  being  too  heavy  to  be  carried  off  by  the 
£urce  of  running  water,  obstructed  the  sluices  and  required  to  be 
removed  by  hand. 

The  practical  discovery  of  the  argentiferous  ores  of  Leadfill 
was  however  made  in  1875,  and  the  first  small  lot  was  shipped 
Siiiut  Louis  in  1878.     Active  prospecting  over  tbe  whole  regio 
commenced  in  the  spring  of  1877,  and  tbe  development  of  ric 
ami  productive  mines  from  that  time  advanced  with  astonisli 
rapidity. 

The    most  ancient    rocks   of    the    Leadville    district   are 
Archaean  age,  consisting  of  granite  and  gneiss,  above  which  folIf>l 
successively    Cambrian     quartzites,    Silurian     white     limestone 
Ojirboniferous  blue  limestones  and  grits,  and  finally  Quarternar 
deposits   consisting   of   lake    beds   and    post-glacial   drifts. 
igtK;ous   rocks   of   the   district   comprehend  different  varieties 
]>orphyry,  and  the  strata  are  traversed  by  numerous  faults,  whic 
ill  some  places  represent  considerable  displacement.     Throughou 
this  region   the  stratum  of  dark  blue,  often  nearly  black  lime 
stone,    at    tbe    base    of    the    Carboniferous    formation,    is    ih 
nio-st    important    ore-bearing   rock.      There   are    however   oth« 
horizon.^  io  which  ore  is  sometimes  found,  although  in  general 
mosses  far  inferior  in  quality  and  extent  to  those  occurring  at  th 
(n>nUct  of  tills  limestone  with  the  porphyry,  which  almost  everj 
whoro  ovi-rlie.s  it,     The  ore  is  principally  argentiferous  gtdeua,  witli 
its  products  of  alteration,  cerussite  and  chloride  of  silver ;  while, 
IV.M   acrcs.siiry  minerals,  anglesite,  pyroraorphito,  minium,   blend^ 
luid    cMlamirio   UEQ^  ^^metimes   met    with.      Native   sulphur    hafl 
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occasionally  been  found  as  a  result  of  the  decomposition  of  galena, 
as  well  as  metallic  silver,  produced  by  the  reduction  of  the  chlorido 
of  that  metal. 

Mr.  S,  F.  Kraraons,  of  the  United  States  Geological  Survey,  was 
for  some  time  engaged  in  a  sturly  of  the  structural  and  mining 
geology  of  the  district  about  Leadviile,  and  material  was  gathered 
for  an  exhaustive  monographic  report  on  the  geology  and  mining 
industry  of  the  locality.  In  an  abstract  of  this  report,  published 
in  1882,  Mr.  Emmons^  remarks  that,  although  his  conclusions 
cannot  claim  the  merit  of  great  scientific  originality,  since  similar 
opinions  have  already  been  put  forth  by  investigators  in  other 
fields,  they  have  been  arrived  at  purely  from  an  impartial  study  of 
the  pecidiar  conditions  of  the  district,  without  any  pre-conceived 
theory  which  might  tend,  unconsciously,  to  bias  the  opinions  of 
the  observer.  The  most  important  facta  ■observed  and  conclusions 
arrived  at  bearing  upon  the  formation  of  these  metalliferous  deposits 
are : — ■ 

1st.  "The  occurrence,  on  an  enormous  scale,  of  intrusive 
bodies  of  eruptive  rock  of  Secondary  or  Mesozoic  age,  and  of 
exceptionally  crystalline  structure,  which  are  so  regularly  inter- 
stratified  as  to  form  an  integral  part  of  the  sedimentary  series  ;  and 
yet  which  never  reach  the  surface,  but  were  spread  out  and  con- 
solidated before  the  great  dynamic  movement  or  mountain-building 
perioil  at  the  close  of  the  CVetaceous. 

2nd.  "  That  the  original  ore  deposition  took  place  after  the 
intrusion  of  the  eruptive  rocks,  and  before  the  fohling  and  faulting 
occasioned  by  the  great  dynamic  movement. 

3rd.  "  The  minerals  contained  in  the  principal  ore  <loposits  of 
the  region  were  derived  from  circulating  waters,  which  in  thiir 
passage  through  the  various  bodies  of  eniptive  rocks  took  up 
csertain  metals  in  solution ;  and,  concentrating  along  bedding- 
planes  by  a  metamorphic  or  p8eudomor|diic  action  of  replace- 
ment, deposited  these  metals  as  .sulphides  along  the  contact  or 
xipper  surface,  and  to  greater  or  less  dei>th  below  that  surface, 
of  beds  generally  of  limstone  or  dolomite,  but  sometimes  also  of 
siliceous  rocks. 

4th.  "That  in  the  region  immediately  about  Leadviile  the 
principal  deposition  of  silver-bearing  minerals  took  place  at  the 
horizon  of  the  lowest  member  of  the  Carlwniferous  group,  the 
Blue    limestone  formation,  commencing  at  ita  contact  with  the 

'  "Abstract  of  Report  on  Geology  and  Itining  Indnatry  of  Leadviile,"  .^nnwil 
Jtfport  u/t/ie  SeoYJary  «/  Ihe  JnUrior,  vol.  iii.  1882,  i>.  2ii3. 
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oTerlyii^  White  pmphyiy.  But  that^  vhila  iluB  paitietdH  ioB* 
mation  has  heen  peculiarly  sosceptiUe  to  the  action  of  on 
currents  in  this  region,  it  is  not  admissible  to  aaaame,  as  ■»• 
have  done,  that  in  general  the  beds  of  any  one  geological  qnA 
an  more  fikrouraUe  than  thoae  of  any  other  to  the  formatiaB 
of  this  important  type  of  silver-hearing  deposits ;  since,  ahhoa^ 
they  are  generally  found  in  greatest  abundance  in  caksreoai 
beds  of  Pabeoiaic  age,  the  horixon  of  such  beds  is  by  no  metM 
identical  in  the  various  mining  districts  in  which  they  have  heoi 
thus  &r  developed. 

5th.  "That  in  this^  as  in  many  other  mining  disfedcta^  djkct 
of  eruptive  rock,  cutting  the  ore-bearing  fivmation  traDSvetaelj, 
seem  to  &vunr  the  oi»oentiatiim  of  ridi  ore  bodies  or  boBsaw 
in  their  vicini^. 

6th.  *  That  on  CMolt  planes,  on  the  otiier  hand,  no  ooosiderabfe 
ore  bodies  have  been  deposited,  as  might  have  beoi  assomed, 
•  priori,  from  the  fact  that  their  wrigin  is  later  than  that  of  the 
original  oie  deposits." 

On  the  other  hand,  Mr.  J.  Alden  Smith,  the  State  Geolognt 
of  Coloiada,  says  in  his  ree^t  r^Mct  mi  the  mineial  lesooicei 
of  Colorado :  * — '  I  am  impelled  to  reiterate  the  opinions  hereto- 
fore expRssed,  that  the  ore  deposits  of  this  district  came  bcm 
below  through  fissures  (wiginating  in  the  granitic  rocks,  and,  ez- 
tc'nviiiiir  upw>ini.  penetrated  the  limestones  and  quartzites  to  the 
oontiwt  with  the  overlying  porphyry ;  that  these  fissoies  lead  to 
manv  bevideJ  veins  in  the  limestone  or  quartzite,  and  to  contact 
Toius  ot'  nitrv  or  less  valne  between  the  formations  last  m«ationed, 
an  1  Ivtween  thotse  and  the  granitic  formation ;  and  that  the.« 
ti<%«uivs  anvl  deposits  will  be  extensively  and  profitably  w(»ked 
for  cvnturies  after  the  contact  deposits  now  operated  on  are 
exhaTJstrt.!."' 

The  LruirH^f  Sfrvud  states  that  the  metallic  production  of 
Liwivil'.e  f  r  the  year  ISSl  was  $13,170,576.  The  statement  of 
the  year's  yiel-i  made  up  by  the  LeadriiU  Democrat,  shows  a  less 
p(vvi-.:o:io:i.  I:  states  that,  from  ore  supplied  by  131  mines, 
7.lT*--."H^r.  c:  silver,  ainl  11.135  oz.  of  gold  were  obtained,  together 
wi:h  Sr.i'*  tons  of  lead,  representing  a  valae  of  $13,100,761. 
Tr.i*.  hv^wever.  omits  the  gold  production  of  ihb  gulch  mines, 
repor:^  at  ^tfO.'.V'O.  which,  added  to  the  total,  Ixings  the  product  to 

t^k*&\ru.  »-ti  «tWr  «•■""■■  -'  "-"-iwla  tm  a«  jmr  ISSl  wmi.  USaT  b.  «. 
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13,160,761,  or  within  $815  of  the  Jlcrald's  estimate.  It  is  un- 
certain wliicb  ia  correct,  but  from  tlieso  estimates  it  may  be 
deduced  that  the  production  of  Leadville  in  1881  waa  about: — 
gold  $300,1(00,  silver  §  10,. '100,000.' 

The  Bassick  Mine,  which  i.s  situated  six  miles  east  of  Silver 
Cliff,  in  Custer  County,  has  always  exhibited  such  very  peculiar 
features  as  to  render  it  one  of  the  most  remarkable  in  Colorado. 
It  is  situated  near  the  centre  of  a  small  roumk-d  hill  composud  of 
trachyte  and  felspathic  conglomerate,  of  which  the  greatest  diameter 
is,  at  its  base,  about  1,200  feet,  while  its  heiglit  above  the  general 
level  of  the  surrounding  country  does  not  exceed  200  feet. 

Mr.  L.  R.  Grabill,'  who  has  recently  described  this  remarkable 
deposit,  states  that  an  outcrop  of  fine-grained  conglomerate  is  ex- 
posed on  the  south-west  side,  wbile  on  the  north-east  the  hill  joins, 
by  an  upward  slope,  the  fine  grained  felspathic  rock  of  Mount 
Tyndall,  which  rises  some  600  feet  higher,  and  of  which  the  elevation 
containing  the  Bassick  Mine  forms  an  arm. 

On  visiting  this  mine  attention  is  immediately  attracted  by  the 
unusual  method  of  arrangement  of  the  ore,  which  is  seen  to  be 
disposed  in  concentric  layers  around  fragments  of  trachyte.  These 
fragments,  each  of  which  constitutes  a  nucleus  for  a  concentric 
arrangement  of  deposits,  vary  in  size  from  boulders  having  a 
diameter  of  two  teet,  to  pebbles  whose  diameter  is  not  greater 
than  half  an  inch.  These  have  no  sharp  or  rough  edges,  but 
have  evidently  been  much  woru  by  friction  before  the  deposit  of 
the  metalliferous  minerals  took  place,  their  shape  being  usually 
approximately  spherical.  They  consist  of  trachyte  precisely  similiir 
in  character  to  that  of  the  country  rock,  of  which  they  are,  without 
■doubt,  a  portion.  These,  with  their  coatings  of  ore,  quartz,  and 
kaolbi,  constitute  the  greater  portion  of  the  filling  of  the  fissure, 
and  when  separated  from  the  surrounding  layers  of  ore  they 
rarely  show  by  assay  anything  beyond  a  trace  of  the  precious 
metids. 

As  before  stated,  around  each  of  these  waterworn  fragments^ 
as  a  nucleus,  are  arranged  concentric  layers  of  ore,  each  particular 
mineral  fonning  a  separate  stratum.  The  layers  always  follow 
one  another  in  the  same  order,  are  of  about  the  same  propor- 
tionate  thickness,   and    are  all   parallel    to   the   surface    of    the 

■•  "  Report  of  the  Director  of  the  Mint  upon  the  Piodnction  of  I'recioiu  Metals 
in  the  r.S."  p.  416,  Woahingtoii,  1882. 

•  "  On  the  Peculiar  F<-atur<-s  of  the  Bnsiiick  Mine,"  TraM.  Amtr,  In»(. 
itiniiuj  Engineert,  vol.  xi.  1882,  p.  110, 
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■■eka*.    TJsaDj  time,  but  aooiedraes  foar.  distinct  lajen 

HBBm  fnalf  t^^"******  to  one  •nother,  bat  with  the  line  of  se 

aerieetjy 'viaUe.    Tbe  atratam  next  the  nucleus,  which  is  inv 

tke  ifcliiiM  It.  eoonta  of  sulphides  of  zinc,  antimony,  and  lead  ; 

l^u  vane*  frool  the  tJiirkiiWt  of  a  abeet  of  paper,  in  the  outer  partiM 

•f  theace  bodj.  toaoaae  two  and  a  half  inches  oearer  its  centre,  Urt 

is  «aBan7  from  rr  to  ^    incfa  tkioogfa.     This  stratom  oontunt 

60  OB.  flf  iilver  per  ton  and  from  1  to  3  oz.  of  gold,  bat  viM 

Next  to  this  cooUiog  a  second  Ls  ofttti 

althoagb  it  is  not  always  rexy  distinct,  is  ligbtri 

m  eokmt,  sBghtlj  thicker,  and  contains  more  lead,  silrer,  and  gold 

thaa  the  pswiaos  ona.    Ibis  coating  freqnenilj  oootains  as  maeli 

as  100oa.of  gaUper*aii.and&ain  150  to  SOO  oz.of  sUver.    The 

ihiti  ahdi.  emmting  from  the  nodens  outwards,  ooosists  of  bleafde 

fiwannarterof  aniadbtatwoandahalfinches  thicV  ^'oeni 

which  is«svalhrcrfstalliae.g!eiietallj  contains  from  <•  _    oLof 

siHer  per  too,  with  from  13  to  30  oc  of  gold,  and  constitolcs  tfe 

prinfi|al  wanm  of  ralne  in  the  mine.    It  contains  also  a  ooamkr- 

ahie  ■Miwinf  of  iron  and  capper  salphideaL    The  inner  snifiioe  m 

bat  the  outer  is  toagh,  with  the  points  of  the  crpUh 

The  fborth  coatii^,  when  there  is  one,  is  funned  of 

cbabwpjTite,  and  Tanea  moch  in  qoantitj.    Sometimes  it  oooaisti 

meaij  of  orstaK  ^aiselr  scattered  over  the    rough    potnled 

anftoeof  the  blende,  while  at  others  it  attdns  a  thickaess  of  tbw 

qnaiteiB  of  an  indL    This  contains  as  mndi  as  100  oizl  of  goild  |i» 

Ion,  and  aboat  the  same  amount  of  alrer.    Outside  of  thL  tin  ~ 

is  nnraiinnaHy,  thoi^  lard j.  a  fifUi  thin  coating  or  sj 

cryitnlfinw  inoo  pyiitea. 

Samnnding  all,eq)eciallf  in  the  larger  carities^  but  not  tmi&llf 
in  Qte  aaaaller  onea,  near  the  onter  edges  of  the  ore  bod  jr.  kaolin  h 
fonnd.  This  exiat^  however,  not  as  a  coating,  bat  rather  as  complet- 
ing the  filBag  of  the  crnrioes  between  the  boulders.  The  fragmcntt 
of  rock  which  these  minerals  sarrotind,  are  not  neoes»riIy  in  ckae 
otmtact,nor  do  they  fit  into  one  another  in  any  way;  they  resenbk 
in  general  diqwaition  a  loose  pile  of  water-worn  stones  which  haw 
been  cardessly  thrown  into  a  pit,  and  hare  afterwaids  becooM 
coated  with  thin  metalliferoos  eorerings.  A  pecniiar  &ct  iwaiding 
this  deposit,  and  one  which  is  somewhat  difficult  to  explain,  is  that 
tbe  nuclei  or  barren  firagments  are  tarely  in  contact  with  one 
another,  while  the  metalliferous  enrelopes  surrounding  them  ate 
in  immediate  contact  Thus,  where  actnal  contact  between  the 
boulders  themselves  su^^B*      lected,  there  are  frequently  found 
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ftt  the  point  of  approximate  meeting,  two  seponite  layers  of  ore,  ono 
belonging  to  each  of  the  contiguous  nuclei. 

Tho  only  other  mine  in  the  district  known  to  exhibit  a  con- 
centric arrangement  of  minerals  around  a  barren  nucleus  is  the 
Bull-Domingo,  seven  miles  frmn  the  Bassick.  But  there  tlie  ores 
and  country  rock  arc  diflerent ;  galena  and  spathic  iron  ore  having 
been  deposited  around  a  nucleus  of  syenite,  and  the  ores  contain 
practically  no  gold. 

The  fissure,  which  in  itself  constitutes  one  of  the  pecidlarities  of 
the  Bassick  Mine,  is  an  irregular  opening,  nearly  elliptical  in 
liorizontul  section,  but  varyitig  in  widtli,  its  shorter  diameter  being 
sometimes  as  small  as  twenty  feet,  while  tlie  larger  approaches  to 
one  hundred.  It  has  been  found  that  for  over  eight  hundred  feet 
its  downward  direction  very  clijsidy  approaches  the  vertical ;  in 
horizontal  direction  it  has  no  well-defined  outline.  There  are  not, 
as  in  onlinary  fissures,  any  signs  of  a  wall  of  country  rock,  and  no 
continuations  or  extensions  of  the  ore  body  hnve  been  found. 

The  ore  is  richer  towards  the  centre  of  the  body,  the  layers,  called 
"  scales  "  by  the  miners,  being  there  thicker,  and  contain  a  larger 
proportion  of  the  precious  metals  ;  but,  as  the  edge  is  approached,  it 
thins  out  and  gradually  becomes  poorer,  until  at  last  it  is  too  poor 
to  be  worked  advantageously.  Fn.^m  the  centre  of  the  body  out- 
wards, the  fragments  decrease  in  size  and  the  layers  of  ore  become 
thinner.  Continuing  the  outward  course,  but  without  having  pa.ssed 
:aiiy  particular  line  marking  a  boundary,  a  conglomerate  is  reached, 
composed  of  small  rounded  pebbles  of  felspathic  rock  cement-ed  by  a 
hardened  trachytic  paste,  but  containing  no  ore.  In  the  saiue 
manner,  without  finding  any  defined  boundary,  the  country  rock 
is  reached.  This  is  of  the  ordinary  character,  is  grey  in  colour, 
and  is  of  the  same  nature  on  all  sides  of  the  ore  body. 

The  other  jiroducts  of  the  mine,  occurring  in  subordinate 
quantities,  are  : — calamine,  silicate  of  zinc  Jnmesonite,  tetrahedrite, 
4elluride.s  of  silver  and  gold,  free  gold,  quartz  and  graphite.  The  car- 
bonate of  zinc  and  electric  calamine  arc  found  only  among  the  upper 
or  oxidized  ores  above  the  water  level,  and  are  doubtless  the  result 
of  the  decom|>osition  of  blende.  Above  the  water  level  most  of  the 
free  gold  is  found  in  wires  and  other  usual  fonu.s.  Tetmhednte 
never  occurs  as  a  coating,  but  always  filling  vacancies  between  tho 
coated  boulders,  and  is  usually  found  intermingled  with  quartz. 
In  the  same  m:iss  are  also  telturides  of  gold  and  silver. 

The  quartz  in  this  mine  would  appear  to  be  a  residue  from 
the  decomposition  of  silicates  by  impregnating  solutions,  and  is 
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found,  like  tlie  tetraheJrite.  occupvitig  open  spaces  outaMe 
coated  boulilers,  and  never  within  the  in,  sening  to  some 
as  a  cement  to  hold  the  mass  together.  This  quartz  is.  for  the  miM 
part,  amorplums,  rarely  showing  any  traces  of  cryBtallizatioii ;  mha 
it  dt.K-3  so  it  is  amethystine,  but  more  frc^ucnily  it  appetus  toliai 
been  deposited  in  a  gelatinous  state. 

One  of  the  most  striking  features  of  this  tnine  is.  h< 
ever,  the  existence  in  it  of  graphite.  This  is  found  in  carii 
between  the  coated  boulders,  and  toward  the  outer  edges  of  tie 
ore  body,  but  it  is  not  necessarily  adjacent  to  ore.  It  does  not 
often  occur,  but  has  been  found  both  near  the  surface  and  at  grest 
depths.  Mr.  Grabill  is  inclined  to  the  opinion  that  thia  deposit 
has  been  the  site  of  a  geyser  or  mineral  spring,  carrjnng  miaenib 
in  solution  in  it5  waters. 

Gilpin   County   b  the   smallest  in   Colorado,   but,    with 
exception   of    Lake   County,   has  been   the   most    produ'-tive 
bullion.     Its  dimenfions  are  somewhat  lesij  than  fifteen  miles  hi 
twelve,  and  its  principal  gold  mines  are  situated  in  groups  will 
an  area  of  less  than  sixteen  square  miles.     Mining  was  oonimcm 
in  this  area  some  twenty-three  years  since,  and  during  the  peri 
which  has  since  elapsed  the  {mxluction  has  been  $*1.0<>0,000, 
which  $37,500,000  has  been  gold,  and  t3.50u,000  silver,  the  wb( 
constituting  more  than  one-fourth  of  the  entire  bullion  output 
the  State,  and  nearly  two-thirds  of  the  gold  produced.    The  gcol 
of  many  of  the  mining  districts  is  very  simple,   the  area  bei 
generally  granitic,  with  occasional  patches  and  dykes  of  vaii< 
eruptive  rocks.     The  granitic  series  embraces  all  the  forms,  fn 
true  massive  granite,  through  the  various  gneissic  rocks,  down 
highly  stratified  mica  schist.     The  veins  arc  mainly  true 
having  a  strike  often  approximately  north-east  and  south-' 
though  there  are  instances  where  the  strike  is  either  nearly  a 
and  south  or  east  and  west.     Tellurium  and  tellurides  occur  in 
ores  of  Boulder  County  and  in  various  other  localities  in  Col 
The  following  figures  give  tlje  bulUon  yields  of  the   pi ' 
mining  counties  in  this  State  during  the  year  1S82  : — 

Lake       County ?17,131,S.53 

Gilpin  „  2,000.516 

Clear  Creek 2,001,02!) 

Summit         „      .    .  .    .       1,150,000 

Custer  „      705.116 

The  production  of  precious  metals  in  C<dorado  during  the  oenstis 


year  was: — g. 


:>9,D00,  silver  $16,549,274. 
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I      The  metallic  priniiictioD  of  Dakota  is  almost  eutirt-ly  derived 
Bbom  the  region  of  the  Black  Hilts,  aud  in  great  part  from  Lawrence 
Eounty.     Nearly  the  whole  yitjld  is  ohtaiued  from  gold-hearing 
Bodes,  the  gravel  deposits  heirig  of  very   secondary  importance 
■PliC  gold   quartz,  which   is  uf  low   grade,  is   reduced    in    amai- 
fcamating  mills  of  great  size  and  power,  by  which  a  large  pro]»ortion 
of  the  gold   present  in   the  rock  is  extracted.     Silver  ores  were 
discovered    in   Dakota  almost  as  early  as  were  those  containing 
gold,  but  the  comparative  ease  with  which  the  latter  can  be  worked 
led  the  early  niitiers  to  neglect,  to  a   great  extent,  the    ores  of 
silver.     The  principal  group  of  quartz  mines  is  that  in  the  Home- 
stake  district,  the  reputiition  of  which  has  long  been  established. 
The    most    iuipurtuut    mines   belonging   to   thi's    group    are    the 
Uomestake,    Highland,    Dendwood    TeiTa,   De   Smet,    Giant   and 
Old  Abe,  Gulden  Star,  Palmetto,  American  Flag,  Lincoln,  Amicus, 
Prince  Oscar,  Nettie,  May  Booth,  IndefKendence,   Mineral   Puint, 
aurl  Pea  Warmer.     The  deepest  shaft  is  upon  the  Giant  and  Old 
Abe,  450  feet.    The  quartz  frotn  the  Homestake  is  taken  from  the 
240-foot  level,  and  yields  about  $.550   per  ton.     That   from   the 
Doaxlwood  Terra  is  said  to  average  S4,  and  that  from  tlie  I)e  Suir-t 
about  $3'50,  per  ton.    The  mills  of  the  Honie,stake  Mining  Company 
are  stated  to  be  capable  of  reducing  3,000  tons  of  quartz  daily^ 
at  an  average  cost  of  $1  per  ton. 

The  amounts  of  gold  and  silver  produced  in  the  Territory,  as 
reported  by  the  Census  Bureau,  during  the  year  ending  May 
3l8t,  1>S80,  was:— gold  *?3.S0.5,S4fi,  silver  ?70,813.  Of  the  total 
quantity  of  gold  only  $47,700  was  yielded  by  placer  mines.  The 
pro<"luction  of  gohl  and  silver  in  18S1  is  estimated  by  the  Director 
of  the  United  States  Mint  to  have  been  i?!4,tH)0,()00. 

Until  very  recently  Montana  was  entirely  isolated  from  the 
Eastern  States  except  by  a  long  and  tiresome  coach  journey  in 
winter,  or  by  tedious  river  navigation  during  a  few  mouths  in 
summer.  There  is  now,  however,  railroad  communication  to  within 
seventy  miles  of  Helena,  connection  bcinjf  made  over  the  Utah 
and  Northern  with  the  Union  and  Central  Pacific  roads  at  Ogden. 
Owing  to  want  of  facilities  fur  tniusport,  &c,,  the  mining  regions  of 
Montana  have  been  but  little  known  to  the  outsirlc  world,  and 
foreign  capital  has  not  found  its  way  into  the  country.  Fifteen 
years  since  the  richest  placer  mines  known  were  worked  in  this 
Territory,  but  until  recently  quartz  mining  was  prosecuted  only  in  a 
I  desultory  ami  unscientific  manner. 
^^     In  addition  to  gold,  silver,  and  lead,  the  copper  ore  eent  forward 


1 
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fatne.  fioim  ao  i«i  iMMliirii>  itaR  m  tke  Mctel  nuifceti  of  tkt  | 
•woM.  TIk:  prwiaetMB  «f  gold  aad  ■her  m  Ae  Tenitoiy  ^Briig  ' 
ther«are»iiagMa73Ut,lfi60L«^«f«hefiBnMrBMteltlJB05768; 
•nd'oT  (be  luter  •3;90S/IML  Xi:  B.  XL  Hanim  estunate*  the 
jieVlorMMiuitt,fiBraej«rl881.aft9M50/)0a  Tlii%  however, 
doabtles  emlinees  Ae  niae  of  tike  ■■nrirtril  lead  and  copper, 
•al  the  amooat  dioald  eonnqwsdj  be  ledoced  to  $iJXOfiO0.  of 
which  HJSaff/m  «iD  he  gold,  aad  t2.«30,000  sker. 

like  mcist  impoftaat  niBent^radadag  partkm  «f  New  IfexioD 
hitherto  explored  is  Giaat  Cooaly,  wtaeted  in  the  extreme  aooth- 
westera  extremitj  of  the  Tcmtoiy;  The  fint  disooreiy  of  gold 
made  was  in  1839  near  Finos  Altos.  These  placets  are  repreKBted 
to  hare  been  for  some  time  Teiy  rich,  and  wadiiiig  upon  a  Biiali 
scale  i»  still  carried  on,  bat  ptimipaDj  by  Mexicans.  In  addition 
to  placer  mining  modi  work  has  been  done  npon  lodes  in  the  con- 
tiguous moontaina.  The  amoont  of  gold  pndaoed  in  this  district 
in  1881  was  approximately  $25/K)0,  about  equally  drrided  between 
the  placer  and  the  qnartz  mines.  Knmeroos  silver  mines  have  tat 
many  years  been  worked,  intermittently,  in  the  Tidnity  of  Slrer 
City,  and  have,  in  the  aggregate,  prodnoed  omsiderable  qnantitiei 
of  bullion ;  silver  mining  is  not,  however,  so  actively  carried  on  in 
the  district  as  it  appears  to  have  been  two  or  three  years  since. 
The  mines  in  the  Georgetown  district  are  reported  to  be  rich  in 
ores  of  medium  grade,  and  will  be  worked  as  soon  as  the  cost  of 
workiog  minerals  of  that  class  shall  have  been  sufficiently  reduced 
to  admit  of  their  profitable  treatment.  Some  other  pcniions  of 
the  county  hitherto  imperfectly  prospected,  must  await  the  period 
when  explorations  in  distant  portions  of  the  Territory  shall  have 
become  a  less  hazardous  pursuit  than  it  now  is. 

In  addition  to  Grant  County  one  or  both  of  the  precious  metals 
have  been  produced  in  Dona  Ana,  Socorro,  Santa  Fe,  and  Colfax 
(Jountie».  According  to  the  report  of  the  Director  of  the  United 
Stiitcs  Mint,  tlio  figures  in  the  table  on  page  553  represent  the  total 
ostiinatod  production  of  New  Mexico  since  its  annexation  by  the 
United  Slates,  as  also  the  yield  for  the  year  1881. 

Although  Wyoming  is  surrounded  on  tliree  of  its  sides  by  im- 
jxirtant  mining  regions,  there  are  but  few  developed  mines 
within  its  boundaries.  As  far  as  can  be  ascertained,  the  actual 
production  of  gold  during  the  census  year  was  confined 
to  Kwootwator  County,  which  yielded  gold  to  the  value  of  about 
«17;L>(). 
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The  total  production  of  bullion  in  the  division  of  the  Rocky 
Mountains  during  the  yfiar  ending  May  Slst,  1880,  was  : — gold 
$7,878,189,  silver  ^lU.nn.-tOO. 


Bdlliox  Pboductiox  of  Nrw  Mexico. 


ConntlM. 

Total  iinxlDcUaa. 

Tiald  dining  IBSL 

Qold. 

Silver, 

Gold. 

Silver, 

Grant 

DoSaAn* 

Socorro   

Santa  Fo 

CoUwt 

f 

&,500.000 
100,000 

3,750,000 

% 
3,502,000 
100,000 
20,000 

25,000 

10,0110 
160,000 

f 

276,000 

Totals  .... 

10,350,000 

8,622,000 

185,000 

275.000 

Eastkun  Divisiox. — Tliis  gionp,  which  comprehends  Virginia, 
'North  I'iiroliiia,  Soutli  ('aiulina,  Georgia,  Alabama,  Tennessee, 
Maine,  Michigan,  ani]  Now  Hampshire,  although  tlie  oldest, 
is  the  least  productive  of  the  three  divisions.'-  The  first  notice 
of  the  discovery  of  gold  in  the  Soiitliern  States  occurs  in 
Jcflcrson's  Nctrs  on  Virginia,  in  which  it  is  stated  that  a  lump  of 
that  metal  weighing  17  dwt.  had  been  found  near  the  Ilapj»ahannock  ; 
and  Dayton,  in  his  Vieio  of  South  Cftrolinu,  published  in  1802, 
mentions  the  finding  of  a  small  piece  of  gold  on  Parts's  Mountain. 
In  170[}  gold  was  fuund  in  Cabarrus  Cmnity,  North  Carolina,  and 
jilaccr  washings  upon  a  small  scale  were  carried  on  both  there  and 
in  Montgomery  County  for  several  years.  These  operations,  which 
were  entirely  restricted  to  the  washing  of  sand.sand  gravels,  yielded 
in  addition  to  gold-dust,  several  nuggets  of  considerable  size, 
one  of  which,  found  in  Cabarrus  County,  weighed  28  lbs.  avoirdupois. 

The  first  United  States  gold  was  coined  at  the  Mint  in  182.1, 
and  from  that  time  up  to  I83t>  four-fiflhsof  the  gold  coined  in 
the  country  was  of  native  production.  From  1804  to  1S27  North 
Carolina  furnished  the  whole  of  the  gold  produced  in  the  United 
Suites,  amounting  to  about  $110,000,  but  in  1820  Virginia  con- 
tributed ?2,500,  and  in  the  same  year  South  Carolina  yielded 
i?3,.50l).  In  1830  Georgia  made  its  finst  deposit  of  gold  at  the 
Mint,  amounting  to  ?21 2,000.     Previous  to  1825  all  the  gold  of 

*  J.  D.  ■Wliitmy,  "  Jletnllic  Wiallli  of  tlit-  I'liile.l  States,"  1854.  pp.  114-134  j 
W.  J.  Htnwood,  '*  Metiilliforous  Deposits,"  pp.  371-384,  Penzuntc,  1871 ;  £.  Motj 
Uhl  T,  M.  Chfttai'd,  "  The  Brewer  Gold  Mini,  '  Kow  York,  1880. 
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Nor.h  Car-'ina  lja<i  been  obtaineil  from  skallon' washings,  but  in 
tiiat  vv  tr  aurifer-.'U?  veinstone,  containing  a  large  amount  of  goU 
%v:t>  -lisc'.vvroi  i.-i  ii*-',  an<l  this  had  the  effect  of  turning  attention 
frotii  '•  i-pi-sit  uiines"  to  "vein  mines." 

T't-r  Apfialachian  Chain  takes  its  origin  in  Canada,  south-east  cf 
th.-:-  S:.  Lrivvrence,  and  forms  a  series  of  mountain  ridges  extondiiig 
ill  a  s'r'j'fi-west.-rly  direction  into  Alabama.  Its  width,  which  ia 
vvPi-  ^rtriabI•>.  is  greatest  near  its  centre,  erradually  diminishing 
t'.vvf-.r.K  t'fiv  eiids.  It  is  di%"ided  into  a  number  of  j^andiel  ridges, 
&t.  i  1.3^  a  t  <tal  kngth  of  some  1,3<.'U  miles.  Along  the  sonth- 
ea.-t'rni  •.- 1«:^  of  thi=  series  of  parallel  mountain  chains,  Ues  an 
'.iiiiiil.itiijj  Kinje  of  elevations  known  by  different  names  in  the 
vuri-:''-.?  StaM-s  thr-uirh  which  they  pass.  In  Vermont  they  are 
kijv'WLi  a?  tiiv  Often  Mountains,  in  Ntrw  York  they  are  called  the 
Hi _-':->»:;  is.  in  Pennsylvania  the  S«>uth  ilountfiin?,  in  Virginia  the 
bliiv  R:  !_■••.  ai.  I  ia  North  Carolina  th-j  Sm-^ky  Mountains.  This 
l-.L;  iviii  :li  is  cvnjp.'sed  of  metfimorplKeft-d  r<>?ks  of  Lower  PaL^ozoic 
^i.'-r.  varivs  Ir-in  ten  to  fifteen  miles  in  width,  and  contains  ftw 
liistiii.'T.rUi.iiblv  f-.tssils.  Immediately  to  the  s<>utb  of  this  lies  the 
aurit-rP'US  btlt.  running  nearly  i>ara11el  to  the  Blue  Ridge  and 
fipiar-.-i.tly  of  the  same  geolij>gical  age.  In  Virginia  the  ceotRil 
axis  •-. :  '.':.:<  ]>:iiil  lins  a  direc:ion  of  N.  32'  E.,  but  still  further  north 
i'  f  ..  vi  ii  li:;-.-  !..  r-.-  n-.-ary  appr<  a-.-liiii;.'  ^:\ii  an-l  west.  It.<  wM:!:. 
w;.-:rv  z..:'<  ■':■.•■:'.  :-  i,-u  the  h.'r>ttrsof  North  aiad  S«.>utli  Car^iiiii, 
'i.vi  :..:  'X--:-.  i  <-:^:.'.y  niil:<. 

B-.y.-:.  i  M -.ry'..!:. :  thv  auriierou?  bv'.t  is  n>  l-jnirer  continuous, 
':■••.:•:.-:■  i  p ;":■:•.-«  ■•iJy  l>:^iL_^  from  tiiu-:-  to  tinirr.  met  with  uutil 
<■.:  vi:;  is  r- viii-r-l.  wLero  thc-r^r  i>  a  oou5i'i-:.-mbiv  area  cxntaiuiuL' 
L"  '. '..  T:.-:-  T>:k<  ri.r-.-'i.'h  ..ut  tie  wli.>!.-  ...f  tLe  aiiriiVr.-us  belt  clo5.;!y 
r-  «■-:..■-•'.  ■  ■:>•  r«ri-.!.'.-r.  a:.>l  C'n.*i*t  mI -^^lii-Jt*  -.f  aim:*:  every  variety 
i-r-.T:  is  'ji  irranite  an  i  sv-nite.  Tiirr  prv'iou-.inutincr 
se  ?o:.i<t  ~^rii--titjie;  passis;.'  ir.:--  the  cliloritic  aud 
Ti;e  tal'X'S-:-  •••;lii>t5  wiiili  pr- ioniinate  in 
v.'j  c  '.  i-:..::.::iz  -li^triot-s  uf  Vir.'inia  hav.-  u?i.:ai'y  a  rel-iish  Ci>luur, 
r-.T-:  •"'.:.  r--:!-:.  uii :  i."ive  a  gtri'-ral  strike  of  abo'i':  o-y  N.  of  E.  For 
ti.v  I:.:-*,  pir:  ::.'.-  !:ir::in;t-  of  those  rocks  are  aliuost  verti-:al.  aiiJ 
vii/i/se  l-.:-l:kv  veics  of  quartz,  tozotiier  with  masses  of  granite, 
svt- :.::.-.  uiii  pr  tv_'::;e.  The  goM  almost  invariably -xvurs  in  ijuartz, 
w:.:  :..  :.•  af  t!...-  surface,  is  celiular.  aud  staineil  either  re«.l  «.'r  brown 
by ::.-.-  ■  .\i  :;i-.ion  and  removal  of  iron  p\Tites,  with  which  the  precious 
iiK-tiii  is  0  ated.    In  the  imme  Hate  proximity  of  the  guld- 

bcaring  ^ctly  conform  to  the  schistose  structure  of 


•  .  .  L. 


•  Itll- 


k»T  II.] 


UNITED  STATES. 


le  enclosing  rocks,  the  schists  frequently  assume  a  thick  laniell 
ipect,  although  in  other  situations  they  are  usually  more  fissile. 
The  ore-bearing  deposits  are,  for  the  most  part,  composed  of  an 
intimate}  mixture  of  quartz  and  slate,  in  which  are  sumetim 
embedded  distinct  and  well-defined  nuisses  of  either  the  one  or  th 
other.  Angular  and  vein-like  bodies  of  translucent  or  milk-white 
quartz,  surrounded  by  a  coating  of  brown  or  red  iron  ore,  are  also 
occ<xsionally  met  with.  Small  quantities  of  auriferous  irou  pyrites, 
magnetite,  and  yellow  copper  ore,  together  with  a  little  free  gold, 
are  irregularly  disseminated  through  layers  of  more  or  less  feiTugin- 
ous  quartz,  and  still  more  sparingly  through  the  adjoining  slaty, 
rocks.  I 

One  of  the  most  remarkable  auriferous  deposits  of  the  States  on 
the  Atlantic  sea-board  is  tliat  known  as  the  Brewer  Gold  Mine, 
situated  on  Lynch  River,  Chesterfield  County,  South  Carolina. 
The  moile  of  occurrence  of  the  precious  inet^il  in  tliis  Ideality 
will  be  understood  on   referring   to  the  accompanying  transverse 
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Fro.  KV,— The  Brewer  Oou>  Mino;  aeetion. 


section,  Fig.  89,  reduced   from  a  drawing  of  Profe.ssor   Lieber 
In  this  section,  which  represents  a  length  of  about  three  mil 
a  is  a  dyke  of  coarse-grained  granite,  south  of  which  is  a  band 
trachyte,  6,  abutting  against  the  talcose  slates,  r,  which  contain  three 
distinct  and  parallel  bands  of  lenticular  deposits,  d,  as  well  as  some 
small  bmnchcs  of  barren  wLite  quartz;  e  is  clay  slate  seen  at  the 
Slate  Ford,  while  at  /  is  the  auriferous  detrital  deposit  known  as  tlio 
Old  Tanyard.     Of  these  three  groups  of  lenticular  veins  the  tw 
northern  ones  only  have  been  worked,  the  third  remaining  alrao! 

ILu  its  original  condition. 
I  The  direction  of  these  veins  exactly  corresponds  both  in  .strike 
ind  dip  with  the  bedding  of  the  enclosing  slaty  rocks,  and  their 
brea^lth  varies  from  twenty  to  fifty  feet.  These  lenticules  consist 
■on 


lio 

1 


a  blue  hornstone  which  is  seldom  found  in  an  undecomposedH 
ndition,  and  is  never  met  with  in  a  fresh  state  except  in  th^^ 


jntre  of  the  reniform   masses   con-stituting  the  deposits. 

>  "  Report  on  the  Survey  of  South  Carolina,"  1858.  p.  63. 
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homstone  contains  finely  disseminated  iron  pyrites  and  yellow 
copiior  ore,  by  the  decomposition  of  the  formpr  of  which  the  di»- 
integratioQ  of  the  mass  would  appear  to  have  been  chiefly  effected ; 
enargite  and  cassiterite  are  also  present  in  subordinate  quantities. 
The  whole  of  the  homstone  of  the  lenticular  masses  at  the  Brewer 
Mine  is  auriferous,  but  is  traversed  in  every  direction  by  veins  of 
■white  quartz  containing  no  gold. 

The  Tanyard,  where  the  first  gold  was  discovered,  is  an 
extensive  detrital  deposit,  lying  in  a  valley,  and  evidently 
resulting  from  the  disintegration  and  removal  by  water  of  the 
auriferous  lenticulcs  on  either  side.  A  shaft  and  a  tunnel,  which, 
according  to  tradition,  were  made  previous  to  the  War  of  Indepen- 
dence, are  still  visible,  but  the  presence  of  workable  gold  in  this 
locality  appears  to  have  been  first  made  knovm  by  Brewer,  who 
discovered  it  at  the  Tanyard  in  the  year  1S28. 

For  many  years  these  disintegrated  gravels  were  leased  in  plots. 
each  usually  twelve  feet  square,  which  the  leasee*  worked  when  ftu<i 
in  what  way  they  thought  proper,  paying  to  the  proprietor  of  the 
soil  a  royalty  of  one-fourth  of  the  gold  extracted.  The  iU-direct€<l 
labour  thus  expended  was  for  a  long  time  remunerative  to  all 
parties,  but  the  disadvantages  arising  from  such  an  entire  lack  of 
system  at  length  became  so  great  that,  about  five  years  since,  the 
property  was  for  the  first  time  worked  as  a  whole  by  the  hydraulic 
system.  The  discovery  of  tin  ore  in  the  sluice-boxes  of  this  mine 
is  interesting  rather  on  account  of  the  peculiarity  of  its  occurrence 
than  for  its  commercial  value.  The  crystals  of  this  mineral  are 
often  well  funned,  and  are  not  unfrequently  studded  with  crystalline 
particles  of  gold. 

According  to  tlie  report  of  the  Director  of  the  United  States 
Mint,  South  Carolina  suffered  in  1881  from  a  drought,  which 
materially  interfered  with  gold  mining  generally.  The  Brewer 
Mine  fuUy  answered  expectations,  and  would  have  produced  from 
^25,000  to  S30,000  during  the  year,  had  not  the  lack  of  water,  in 
the  month  of  August  and  subsequently,  brought  the  work  almost 
entirely  to  a  standstill. 

According  to  official  statistics  the  production  of  the  gold-fields 
of  the  eastern  division  of  the  United  States  amounted,  during 
the  year  ending  May  31st,  1880,  to  only  !^23'),G46. 

The  total  production  of  each  State  and  Territory,  including  the 
yield  of  the  deep  mines  from  ore  raised  prior  to,  but  reduced  during, 
the  census  year,  nm]  also  the  silver  contents  of  placer  gold,  is  given 
in  the  iollowino  tabic. 
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TaBLK  8H0WINO  THE  WkIOHT  AXD  YALITS  OF  THE  PrECIOTTS  HeTAU  PRODFCKD 
XH  THE  UkITED  StATES  DURtKO  THE  CENSUS  YeaB  KNDIKO  MAT  SlST,  1880. 


Paeify  Divi$icn. 

State  or  Territoir. 

TProdoctlon. 

ToUl  Ttloe. 

OoM. 

BilTOT. 

Alaska 

Arizona 

California 

Idaho 

Nevada 

Oregon 

UtA 

Washington  .... 

OS. 

288 

10,254 

829,676 

71,678 

236,468 

68,101 

14,106 

6,669 

01. 

89 

1,798.921 

890,169 

859,809 

9,614,662 

21,497 

8,668,664 

786 

6,002 

2,687.792 

18,301.840 

1,944,206 

17,318,918 

1,125,493 

6,034,646 

186,819 

£         •. 

1,200    8 

607,668    8 

8,660,868     0 

888,841     0 

8,468,782  12 

226,098  12 

1,006,929    0 

27,363  16 

Totab  .... 

1,222,040 

16,368,839 

46.406,709 

9,281,141  16 

Division  of  the  Roeky  Mounlains. 

Colorado 

Dakota 

Montana 

New  Mexico  .... 
Wyoming 

130,608 

159,920 

87,854 

2,387 

838 

12,800,119 

64,770 

2,246,939 

808,466 

19,249.174 

8,876,659 

4,710,834 

441,691 

17,321 

8,849,834  16 

675,331  16 

942,166  16 

88,338     4 

3,464     4 

Totals  .... 

381,107 

15,405,283 

27,795,679 

6,669,135  16 

Efutem  Division. 

Alabama 

Georgia 

Maine 

Hichinn 

New  Hampshire   .   . 
North  Carolina  .   .   . 
South  Carolina  .   .    . 

Tennessee 

Virginia 

68 

8,920 

146 

632 

6,766 

631 

97 

461 

267 

6,569 

20,000 

12.875 

108 

43 

1,800 

81,862 

10.200 

25.868 

27,000 

119.096 

18,097 

1,998 

9,322 

260    0 

16,272    8 

2,040    0 

6,171  12 

6,400    0 

23,819    0 

2,619    8 

399  12 

1,864     8 

ToUls  .... 

11,694 

88,362 

289,232 

67,846    8 

SumTnary. 

Pacific  Division    .   . 
Division     of     the 
Rocky  Mountains 
Eastern  Division  .   . 

1,222,040 

881,107 

11,694 

16,853,839 

16,406,288 

88,352 

46,406.709 

27,795,679 

289,232 

9,281,141  16 

6,669,135  16 

67,846     8 

Totals  .... 

1,614,741 

«l,7Wr 

«20 

14,898,124    0 
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^B  Quicksilver. 

The  quicksilver-bearing  belt  of  California'  extends  orer  « 
distance,  in  a  gejjeral  north  and  south  direction,  of  about  tbice 
hundred  miles,  and  is  occupied  by  massive  beds  of  slate  accom- 
panied by  gabbros  or  by  calcareous  and  siliceous  beds,  and  is 
broken  through  and  not  unfrequently  capped  by  eruptive  rocks. 
Wherever  they  come  to  the  surface  these  slates  are  found  to  be 
generally  more  or  less  impregnated  with  mercury,  either  in  the 
form  of  cinnahar,  or  in  the  native  state.  Selenide  of  mercury  isaL«> 
occasionally  found.  These  slates  extend  from  Sail  Luia  Obispo  to 
the  north  of  Sonoma,  and  re-appear  in  Trinity  County.  Aocooi^ 
panying  them,  on  the  south,  are  calcareous  and  magnesian  mcks  of 
various  oges,  while  at  the  north,  and  towards  the  centre,  are  sand- 
stones ami  serpentines.  Throughout  this  band,  which  is  sometime* 
above  half  a  mile  in  width,  quicksilver  ores  occur  as  impregnation* 
in  the  calcareous  and  siliceous  rocks,  and  as  beds  or  dejiosita  in  the 
slates.  The  distinction  between  impregnations  and  beds  is  not, 
however,  always  well  defined,  since  many  of  them  might,  apparently, 
be  the  result  either  of  sublimation  or  of  infiltration.  Mercury  has 
been  worked  as  far  south  as  the  County  of  San  Luis  Obispo, 
where  the  most  massive  ore  is  found  in  compact  talcose  slate, 
homstone,  and  greenstone.  The  cinnabar  is  accompanied  by  much 
iron  pyrites,  and  is  distinctly  ciystalline. 

The  New  Almaden  Mines,  in  Santa  Clara  County,  are  worked 
upon  a  number  of  segregated  deposits  enclosed,  chiefly.in  a  belt  of 
altered  slates,  with  lenticular  masses  of  serpentine  lying  'on  eillier 
side.  These  slates  belong  to  the  Cretaceous  age,  but  in  Califoniia 
the  occurrence  of  cinnabar  is  not  confined  to  any  particular  geo- 
logical horizon.  In  these  mines  the  ore  occupies  a  series  of 
irregular  cavities  confined  willun  a  comparatively  small  space,  both 
horizontally  and  in  depth ;  the  chimneys  occurring  without  any 
approach  to  regularity,  and  often  without  any  visible  connection 
with  one  another. 

At  the  Euriquita  Mine  a  series  of  irregular  bodies  of  cinnabar, 
and  a  number  of  nearly  parallel  seams  of  the  same  mineral,  are 
enclosed  in  a  soft  decomposed  ochreous  breccia  containing  fmg- 
ments  of  siliceous  limestone  with  pieces  of  jasper  and  chalcedony. 

The  New  Idria  Mines,  in  Fresno  County,  consist  of  a  number 

•  B.  W.  Raymoml,  SUtliMii^  of  Mima  and  Alining,  1S<4,  p.  379 ;  llnd.  1875, 
p.  13, 
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■workings   distributetl  along    a  course    some   three   miles   in 

ttsut  between  Sun  Ciirlos  and  New  Idria  proper.     At  the  Stin 

I  Uarloa  workings  the  rock  is  a  whitish  granular  sandstone,  some- 

.  iimes    in   its    original    condition,  but,  more    frer[uently,   to  some 

.  3xtent  metamorphoseil,  tlirough  which  the  ciuuahiir  is  irregularly 

1  diffused  without  any  apparent  system  or  order.    At  the  Aurora, 

t  lyini;  between  the  San  Carlos  and  the  New  Idria  Mines,  the  rock 

J  is    Lard  and  siliceous,  frequently  coloured  by  iron,  and  coutaiuinjj 

occasional  specks  of  cinnabar.     At  New  Idria  proper  the  rocks 

axe  exceedingly  varied,  but  con.sist  chiefly  of  sandattjnes  and  slates 

in  different  stages  of  metamorj)hism.     In  one  of  the  main  tunnels 

r*  of  this  mine  the  rock  is  a  dark,  somewhat  bituminous  slate,  much 

r  fractured,  exhibiting  numerous  slickensides,  and  so  disturbed  that 

P  it  is  impossible  to  determine  either  its  average  dip  or  direction. 

In  other  parts  of  the  excavations  the  rock  is  very  siliceous  and  is 

broken  into  a  sort  of  breccia,  cemented  by  tlie  cinnabar,  which  fills 

Ibe  spaces  between  the  fragments. 

At  p.  68  1  have  nieulioued  the  occurrence  of  cinnabar  and 
^^ilpbur  at  the  Sulphur  Bank,  in  Lake  County,  California,  which 
^pi  visited  in  the  year  IfSGG.  At  that  time  the  deposit  was  worked 
f  exclusively  for  sulphur,  bnt  it  has  since  been  successfully  opened 
as  a  quicksilver  mine.  Believing  that  ad<litional  liyht  on  so  in- 
teresting a  subject  would  be  welcomed  by  tho  acientJHc  world, 
Messrs.  Le  Conte  and  Rising,  of  the  University  of  California,  made 
repeated  visits  to  this  mine  during  the  years  1877,  187^,  1879, 
1880,  and  18S1,  and  have  recently  published  the  results  of  their 
observations,  maile  down  to  a  considerable  depth  below  the  volcanic 
capping,  to  which  my  examination  was  necessarily  confined.^ 

At  the  time  of  their  earlier  visits,  namely  from  lf577  to  1880, 
the  underlying  country  rock  could  be  reached  and  examined  in 
only  one  excavation,  known  as  the  "  Waggon-Spring  Cut,"  but  iu 
tlie  summer  of  1881  they  had  an  opportunity  of  examining  the 
stratified  rocks  underlying  the  lava  to  a  depth  of  260  feet.  Since 
their  previous  visit  a  shaft  had  also  been  sunk  some  distance  to 
the  south  of  the  Waggon-Spring  Cut,  about  150  feet  outside 
the  limits  of  the  lava-flow,  with  the  intention  of  reaching  the  ore 
body  by  means  of  drifts,  the  uppermost  of  which  had  been  driven 
for  a  distance  of  150  feet.  Mr.  W.  Jackson,  of  San  Francisco, 
who   examined   the    volcanic    rock,    determined    it    to    be    an 

"  Joseph  Le  Conte,  and  W.  B.  Rising,  "The  PhenomiMiii  of  Mftallifrrous  Vein- 
formAtion  sow  in  progress  at  SuJplinr  Bank,  California,"  American  Journal  »f 
Scuiice,  vol.  XXIV.  1882,  p.  '13. 
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aagite-andesite.  The  stratified  rocks  in  its  vicinity,  where  not 
concealed  from  view  by  a  capping  of  lava,  consist  of  aandstoiuit 
and  shales  inclined  at  veiy  high  angles. 

The  phenomena  observed  were  as  follows: — For  seventj  vr 
eighty  feet  from  the  shaft  the  rock  is  barren  sandstone  an(]  shale, 
dipping  to  the  south,  and  comparatively  dry  and  cool.     Then  i 
becomes  brecciated  and  highly  charged  with  ascending  hot  waU; 
containing  a  large  amount  of  alkaline  sulphides,  with  excess 
COj   and    HjS.     In   the  hottest  places  the  temperature   of  ihi 
water    is   160°  Fahr.,  and  CO,  bubbles  up  so   profusely  that 
lighted  candle  near  its  surface  is  quickly  extinguished.     The  heat 
of  the  freshly  cut  rock  is  often  too  great  to  be  borne  by  the  nakeii 
hand,  and  in  this  hot  shattered  rock  the  ore  is  found.     The  mini 
is  worked  with  difficulty  on  account  of  the  almost  in  supportable 
heat,  but  this  has  now  been,  to  a  great  extent,  renaoved  by  this 
more  complete  ventilation  recently  introduced.     The  lower  dril 
had  not  at  the  time  of  their  visit  yet  reached  the  ore  body' 

The  brecciated  layer  which  forms  the  water-way  is  here,  as 
the  Waggon-Spring  Cut,  composed  of  fragmenLs  of  sandstone  a 
ahale,  usually  angular,  but  sometimes  sub-angular,  as  if  the  edgts 
had  been  either  worn  or  dissolved  away.  In  some  places,  where 
the  ascending  water  is  abundant,  there  is  hot  mud  only  between  the 
fragments,  but  in  others,  where  the  rock  is  drier,  and  the  solfataric 
action  is  exhausted,  the  fragments  are  firmly  cemented  by  a  paste 
of  consolidated  raud  containing  disseminated  metallic  sulphides,  or' 
wholly  by  deposits  from  solfataric  watei  s.  The  vein  thus  becomes  a 
mere  breccia  united  by  a  paste  of  cinnabar,  pyrites,  and  silica,  but 
chiefly  by  cinnabar.  The  spaces  are  sometimes  entirely,  and  some- 
times only  partially,  filled  with  the  dejiosit,  occasionally  leaving 
hollows  between  the  fragments.  In  this  case  the  moss  may  have  tho 
appearance  of  an  aggregation  of  pellets  of  cinnabar,  but  on  break- 
ing them  they  are  found  to  have  an  angular  fragment  of  rock  as  » 
nucleus.  The  deposit  lining  or  filling  the  cavities  is  roost  commonly 
cinnabar,  but  sometimes  consists  of  iron  pyrites,  or  silica,  or  uf  all 
three  arranged  in  alternate  layers.  The  silica  was  found  in  all  stages  of  J 
consoli<lation ;  sometimes  chalcedonic,  sometimes  cheesy,  and  somi 
times  gelatinous.    The  vein  or  deposit  is  hugely  enclosed  in  tha 

•  In  1S82  the  work  wfw  jirogrfssing  on  fivo  dilTcreiit  horizons,  namelv  : — 101^1 
foot,  157-foot,  210-foot,  260root,  and  310-foot  levels.    Tlie  tliitd,  SlO-foot  level.  h»4  j 
been  piialieil  232  feet,  culling  through  tho  ore  body,  and  re«ching  bftiren  fotk  on 
the  other  side.     The  fourth  level  hml  iK'i'n  pushed  136  feet,  and  had  rtiiched  the  ow 
bo'dy.      Tho   varying  dip  at  thcsu   levels   shows  that  the  strata  aro  very  mucli 
broki'n  up, 
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brecciated  stratum  described,  but  is,  apparently,  not  wboUy  con- 
fined to  it.  It  is  extremely  irregular,  sometimes  widening  out  to 
many  yards  in  extent,  and  then  thinning  down  to  a  few  inches,  or 
even  pinching  out  and  disapjiearing  entirely  to  again  apijear  in  a 
different  stratum.  Sometimes  it  is  repeated,  with  barren  rock 
between,  while  at  others  it  leaves  the  brecciated  layer  and  appears 
in  the  shattered  sandstone  either  on  one  side  or  on  the  other. 
This  dejx)sit  is  in  some  places  exceedingly  rich,  constituting  a 
breccia  united  by  a  paste  consisting  entirely  of  cinnabar,  which 
often  constitutes  more  than  one-half  the  weight  of  the  entire  mass. 
No  free  sulphur  was  found  either  here  or  at  any  depth  beyond  a  few 
yards  below  the  surface. 

The  New  Ahnaden  has  been  tlie  most  productive  mine  in 
California,  and  in  186:1  yielded  40,301  bottles  or  3,089.911  lbs. 
of  quicksilver,  but  in  1873  the  production  had  become  reduced  to 
12,000  flasks,  each  containing  on  an  avenige  76|  lbs. 

The  New  Idria  Mine,  during  the  same  year,  produced  7,600 
flasks  of  quicksilver,  and  the  total  production  of  California  was 
estimated  at  28,600  flasks. 


Lead. 

Lead  ores  occur  in  the  Atlantic  States,^  in  true  veins,  enclosed 
in  the  Azoic  slates  of  New  York,  &c.,  in  the  form  of  argentiferous 
galena,  associated  with  blende,  iron  pyrites,  and  copper  pyrites ;  in 
veins  running  parallel  to  the  formation,  especially  in  New  England ; 
and  as  irregular  deposits  in  the  unaltered  Lower  Silurian  rocks  of 
the  State  of  New  York  and  elsewhere.  They  are  not,  however,  ex- 
tensively worked,  and  exhibit  no  peculiarities  of  especial  interest. 
The  most  important  lead  regions  of  the  United  States  are  those  of 
the  Upper  Missis.sippi  Valley  and  Missouri. 

Lead  ore  was  first  discovered  in  the  south-west  by  Le  Sueur, 
who  made  a  voyage  up  the  Mississippi  in  1700.  The  first  mining 
appears  to  have  been  undertaken  in  1788  by  Dubuque,  a  half- 
bree<l  Indian  trader,  and  was  carried  on  by  him  until  his  death  in 
1809  ;  but  it  was  not  until  1827  that  lead  miners  began  to  spread 
themselves  over  the  Wisconsin  lead  region,  from  which  time 
the  quantity  of  lead  produced  rapidly  increased  until  1845 ;  after 
which  period,  however,  it  again  declined. 

>  J.  D.  Whitney,  "The  MeUllic  Wealth  of  the  United  States,"  p.  882;  Ibid. 
"  Report  on  the  Upper  Mississippi  Lead  Region,"  Oto!.  Surrty  of  ff'uconrin,  vol.  i. 
1862. 
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The  U{)iM?r  Mississippi  lead  district  is  included  within 
bouadaries  of  three  States,  tiatnely,  Wisconsin,  Illinois, 
Iowa,  but  about  five-sixtha  of  tlic  lead-frnxlucing  area  belongs  I 
Wisconsin.  The  deposits  of  load  ore  are  develoj>e<l  in  the  i 
or  Upper  Mognosiaa  Limestone,  of  tlie  Trenton  pcrii>l  "f 
Lower  Silurian  formation,  and  extend  over  an  aj-ea  of  some  1( 
geographical  8<|uarc  miles.  There  are  no  deposits  of  leiul  in 
valley  uf  the  Mississippi  which  can  be  considered  as  coming  in  al 
way  under  the  head  of  true  veins,  as  they  are  invariably  limit/ 
in  depth,  and  are  enclosed  in  a  geological  formation  of  which 
productive  portion  does  not  generally  exceed  a  bundre«l  feet 
thickness.  Whitney  distinjfuishes  various  forms  of  tbese  deposits: 
The  simplest  variety  is  the  dirct,  the  characteristic  mode  of  i 
currence  of  lead  ores  in  the  Mississippi  valley,  which  i«  « 
mass  of  ore  filling  u  vertical  fissure;  the  ore  remaining  asitvM 
first  deposited,  and  the  rock  exhibiting  no  evidence  of  harioi 
undergone  decomposition.  The  dimensions  of  such  slieels  are  vm 
variable,  but  generally  the  thickness  does  not  exceed  three  iaclui, 
while  their  longitudinal  extension  is  not  great,  usually  varying  from 
a  few  yards  to  a  hundred.  From  twenty  to  forty  feet  may  be  coo* 
sidered  the  most  usual  limit  in  vertical  extension ;  but  in  some 
instances  a  much  greater  depth  has  been  attained  while  folloirii^ 
down  an  unbroken  mass  of  ore.  In  sheet  deposits  there  are  : 
any  of  the  ordinary  accompaniments  of  a  true  vein,  such  as  j 
or  veinstone,  and  the  walls  are  never  smooth  or  striated.  8Jj<i 
the  ore  give  out,  the  crevice  becomes  filled  with  clay,  ochre.  ( 
calc  spar,  while  quartz  is  never  present 

An  openhuf  is   the  widening  out  of  a  crevice  in  stntA 
which    the    conditions  are    favourable   to    the    accumulation 
lead   ore,  and   is   filled   with   galena  surrounded  by  ferrugino 
clay.      When   their    dimensions  are    very    irregular,    the 
contracting  and  exi>anding  suddenly  and  frequently,  so  as  to  gif 
rise  to  numerous  isolated  cavities  of  different  sizes  connected 
the  general  line  of  fissure,  the  wliole  is  called  a  crfvice  with  jwfk 
openvifftt.     The  cave  trptning  is  a  magnified  form  of  the  pock 
opening.   An  expansion  of  this  kind  in  Levin's  Lode,  near  Dubuqad 
was  130  feet  long.  45  feet  high,  and  30  feet  wide.     There 
frequently  great    irregularities    in   the   vertical   height   of  sue 
openings,    which    sometime-s    rise    into    conical    ca\'ities,    calll 
chimneys,  often  lined  with  stalactites  of  calc  spar  and  galena.  Crcc 
openings  are  chiefly  confined  to  the  upper  portion  of  ihe  Oalei 
limestone,  while  in  the  lower  portions  of  that  rock  /fa/  theeU  M 
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t  openings  occur  as  characteristic  forms  of  deposit.  Tlie  difference 
tween  vertical  and  flat  sheets  is  ooe  of  position  ouly.  Flat 
eets  are  made  up  of  blende,  calamine,  and  pyrites,  associated 
ith  galena.  Calcite  and  heavy  spar  are  found,  in  some  cases,  as 
ia-stuff,  while  quartz  is  wholly  wanting.  In  flat  sheets  the 
erals  are  sometimes  arranged  syrametriciiUy.  ^t 

The  principal  ore  in  these  deposits  is  a  very  pure  galena,  poor" 
silver  ('OUl  to  '002  per  cent.),  crystallizing,  principally,  in 
ibes.  It  is  frequently  accompanied  by  blende  and  zinc  carbonate, 
le  latter  being  called  drif  lone  by  the  miners,  on  account  of  its 
Bllular,  bone-like  structure.  Iron  and  copper  pyrites  are  com- 
paratively rare,  but  brown  iron  ore  seems  to  constantly  occur  with 
the  lead  and  zinc  ores.  Calcite  and  heavy  spar  are  subordinate, 
while  quartz  and  the  compounds  of  lead  with  arsenic  and  phos- 
phorus are  entirely  absent. 

The  occurrence  of  mammoth  and  other  boues  in  crevices  with 
the  lead  ore,  as  well  as  in  the  clay  and  sand  near  the  surface,  haifl 
been   repeatedly  noticed   by  those    who   have   been   engaged   in 
investigating  the  geology  of  the  lead  region.      Casts  of  fossils  in 
sulphide  of  lead  are  not  unfrequont  in  this  region,  a  fact  which 
is  alone  suflicient  to  demonstrate  the  nqueuus  origin  of  the  ore.      ^m 
The  fii-st  mining  operations  iu  Missouri  were  commenced  ii^l 
1720,   the   celebrated   La   Motte   Mine  being   one   of  the    most 
important   opened   at   that   period.      The   principal  deposits  are 
situated  iu  Washington  County,  but  there  are  some  others  in  the 
Counties  of  Franklin  and  Jefferson.    The  geological  position,  of  the 
nietalliferuiis  dt^ posits  of  Missouri  is  very  similar  to  that  of  tha^g 
Missi.ssippi  lead  mines.  fl 

The  total  annual  production  of  lead  in  the  United  States 
during  the  year  1882  was  132,890  tons,  of  which  more  than  one- 
half  was  pro{luced  in  the  western  States  and  Territories.  In  the 
year  1882,  Colora<lo  produced  58,642  tons  of  metallic  lead,  i 
Jtah  30,000  tons  of  that  metal. 


Zinc. 

Ores  of  zinc*  are  widely  distributed  over  the  United  Stai 
~f  America,  but,  with   the  exception  of  those  situated  in  New 
Jersey,  its  deposits  exhibit  no  features  of  especial  interest.     At 
the  Eaton  Mine,  in  New  Hampshire,  there  is  a  vein  six  feet 


I  J.  D.  Whitney.  "  MetaUic  Wealth  of  the  United  States,"  p.  347  ; 
Raymonil,  "  Zinc  lieposits  of  Southern  3Iissouii  ; "  Trans.  Amtr.  Jnnt. 
Enyineert^  vol.  riii.  1880,  p.  165. 
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width,  travoraiug  altered  Polieozoic  rooks,  whivh  consiitts  chicly 
uf  yellow  blcndti,  enclosing  masses  of  argeatiferoofl  galena.    Or 
of  a  similar  chariu-lcr  is  found  at  tJio  Slielburnc  Mint*,  an  ■ 
various  other  localities  in  tlio  sarao  State.     At  Warreu  thtr   . 
thick  bed  of  black  blende,  associated  with  galena  and  iron  pui-< .-. 
In    the  Stiito  of  New   York  zinc  ores  have   been  obtaini>.i  irm 
iuiiK!3  in  the  vicinity  of  Wurtsboro',  in  Sullivan  County.  i*lirp. 
they  occur  in  a  bed  parallel  with  the  stratification  of  the  Shawut- 
guuk    Mountain.      Acconling   to  Prnf^«ssor    Mather,   it  forau  t 
M^gre^jated  iua.s8,  varying  from  two  to  five    feet  in  thicknem,  tl» 
larger  portion  of  which  consists  of  a  siliceous  rock,  5$iniilar  fo  tliat 
forniiug  the  roof  and  floor,  containing  H  nts  of  greenish  aad 

blackish  slates.     The  metalliferous  con^i  -  are  blende,  g&lcoi, 

copper  pyrites  and  iron  pyrites,  associated  with  crystaliixed  qubfU. 
The  leader  of  solid  ore  vanes  in  thickness  from  a  mere  tnceti 
three  feet. 

The   zinc  deposits  of  New  Jersey   are    situated    in  Ssoex 
County,   on   a   range   of  hills,   which,  commencing    near  S[i 
extends  in  a  soutlterly  direction    through    Stirling    to    Fra/ik 
where  the  deposits  are  worked.    They  occur  in  aasociatiou  with 
white   crysUdline    limestono,  which   can   be    traced  from 
County  in  the  State  of   New   York    to  beyond  Stirling,  and 
probably  of  Lower  Silurian   age.     An    intrusive    felspathic  rode 
appears  to  form  dykes  in  this  limestone,  which  is  tilteii  at  » 
siilorablo  angle.     At  Stirling  Hill  a  bed  of  zinc  ore  rests  wilh 
sleep  south-easterly  dip  uguinst  a  Insd  of  franklinite,  both  exacilj 
coinciding  in  dip  with  the  bed   of  limestone  in  which  they  aw 
enclosed.  The  ore  consists  of  the  red  oxide  contaiuinpf  80'26  percent 
of  zinc,  and  10'74  per  cent,  of  oxygon,  and  is  found  only  in 
State  of  New  Jersey.     The  bed  of  franklinite  on  which  the 
ore  rests   varies   from   twenty  to   thirty  feet  in   tlucknesA. 
Mine  Hill,  Frunkhu,  the  same  succession  of  limestone  and  metal- 
liferous  beds  is  to  bo  observed,  but  the  intrui>ive  rock  is  there 
to  be  syenite,  the  blue  limestone  having  been  converted  in' 
white  crystalline  masia  along  the  line  of  contact  of  the  two 
and  in  this  both  the  zinc  ore  and   the  frank lliiif<-  ur..  iuteroal; 
in  the  form  of  beds. 

Among  the  numerous  deposits  of  zinc   oru    m    tjje  State 
Pennsylvania  those  of  the  Saucon  Valley,  near  Friedeu-svillc, 
the  most  important.     The  ore  tliere  consists  almost  entirely 
silicate'  of  zinc,  and  is  remarkably  free  from  any  admixture  ei 
of  lead  or  iron.     The  deposits  are  in  the  form  of   iuchidcd 
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in  a  comptict  blue  limestone  of  Silurian  age,  apparently  tlie 
equivalent  of  the  Calcift-rous  Sandstone  of  American  geologists. 
Lead  uiiuiug  in  Missouri  appears  to  have  been  cousiilerably 
affected  by  competition  with  the  mines  ot  the  western  States 
and  Territories;  but  simultaneously  with  this  depression  the 
development  of  new  zinc  deposits  lias  caused  a  revival  in 
this  branch  of  industry.  Tlie  zinc-bearing  region  in  south- 
western Missouri  is  very  extensive,  the  ores  being  chiefly  carbonate 
and  hydrous  silicate  of  zinc.  The  deposits  in  the  north  and 
south-cast  of  the  State  are  said  to  be  in  Silurian  rocks,  but 
those  of  the  south-west  are  Sub-Carboniferous.  This  difference 
in  age  of  the  enclosing  rocks  does  not,  however,  necessjuily  prove 
a  similaj  difference  in  the  age  of  the  ileposits.  The  Sub-Car- 
boniferous limestone  of  the  south-west  is  nearly  horizontal,  is 
characterised  by  numerous  flinty  segregations,  and  is  occasionally 
shaly.  In  this  formation  occur  the  ore  de|>osits,  which  are  irregular 
in  shape  and  distribution,  although  but  little  is  known  of  their 
extent.  They  appear,  however,  to  be  limited  in  height,  width,  and 
length,  and  to  abut  in  all  directions  against  barren  rock.  Iron 
pyrites  is  plentiful  in  a  few  mines  only,  but  in  some  of  them  the 
ore  consists  of  a  porous  skeleton  of  .silica,  the  pores  of  which  are 
filled  with  blende.  From  this  to  solid  flint  rock,  with  disseminated 
specks  of  blende,  all  forms  of  transition  are  observed.  The  pro- 
duction of  metallic  zinc  in  the  United  States  during  the  year 
1882  is  estimated  at  33,763  tons. 


Tin. 

The  occurrence  of  tin  ore  in  the  United  States  is  so  rare  that 
the  search  for  it  has  almost  been  given  up  fis  hopeless,  some 
authorities  going  so  far  as  to  say  that  it  would  never  be  found  in 
paying  quantities.  Tin  ore  has,  however,  been  recently  discovered 
in  Alabama  under  somewhat  promising  conditions.  During  the 
past  two  years  Mr.  G.  W,  Gesner  has  been  at  work  about  two 
miles  south-east  of  Ashland,  Clay  County,  Alabama,  putting  up 
machinery  preparatory  to  mining  the  tin  ores  found  there.  The 
property  embraces  nearlj'  a  square  mile,  and  J^lr.  Gesner  had 
recently  forty-five  stamps  working. 

At  Winslow,  in  the  state  of  Maine.*  veins  of  cassitcrite  traverse 
an  impure,  grey,  micaceous  limestone,  which  is  found  in  many  parts 
•  T.  Steiry  Hunt,  Trant.  Amtr.  Irut,  Mining  Svyinccn,  vol.  i.  1878,  p.  878. 


566 


ORE  DEP08ITS. 


['Wnl 


of  this  region,  and  is  subordinate   to  the  gneissic  6erie&    Hi] 
veins,  which  are  seldotii  more  than  an  inch  or  two  in  tbicknesi,«a| 
abundant  through  a  considerable    extent    of  the    rock,  and  aie] 
inter  laminated  with  it,  occupying  spaces  between  the  seilimoottij 
layers,  which  are  distinctly  marked  by  different  shades  of  ooWf 
occasionally,   however,  they  for  a  short  distance  cut  across  Uie) 
gtratitication.     The  veinstone  is  purple  fliior  spar,  white  mica,  uj^ 
quartz.     In  this  gangue  the  cassiterite  is  disseminated  in  tnoU 
cryst;Uline  masses,  sometimes  half  an  inch  in  diameter,  togelhti 
with  a  little   mispickel.      Dana  mentions  scanty  occurrences  U 
cassiterite  at  Paris  and  Hebron  in   Maine,  and   at  Chesterfield 
and  Goshen  in  Massachusetts.     But  none  of  these  d^-i 
hitherto  proved  commercially  valuable.     There  is  an  on    : 
tin  oxide  in  Missouri  which  seems  to  be  a  replacement  of  titrate 
oxide  in  spheue,  but  which  can  only  be  regarded  as  a  mineralugiol 
curiosity.     Tin  ore  occurs  in  the  Brewer  Mine.  Chesterfield  Ctmnty. 
South  Carolina  (see  page  355),  but  apparently  not  in  workabk 
quantities. 

Discoveries  of  stream  tin  have  been  made  in  Idaho,  but  no 
washings  have  yet  been  undertaken.  Small  pebbles  of  tin  on 
have  also  been  found  in  Prickly  Pear  Creek,  Montana.  There 
is  likewise  a  deposit  of  tin  ore  in  the  granite  of  the  Temescal 
Kange,  San  Bernardino  County,  California.  Some  rich  specime 
have  been  obtained  from  this  locality,  and  during  the  vrinti 
of  1S60-61  a  great  number  of  claims  were  taken  up.  Th 
excitement  has  however  long  since  subsided,  and  it  may  be  i 
eluded  that  the  extent  of  the  deposit  was  not  large,  since  it  wou 
otherwise  have  probably  been  worked  ere  this.  No  tin  ore  of 
commercial  value  was  produced  in  the  United  States  in  1881. 


Antimony. 

Antimony  occurs  in  the  north-western  portion  of  Sonora,  win 
a  short  range  of  mountains,  the  Sierra  del  Alamo  Muerto,  skirls 
the  eastern  shore  of  the  Gulf  of  California  at  about  thirty  mile* 
from  the  sea,  and  fifty  from  El  Altar.  On  the  northern  flank  of 
this  range  an  area  of  considerable  extent  is  strewn  with  quartz  and 
a  hfavy  yellow  mineral.  The  latter  is  said  to  have  been  long  ago 
amnlgamated  for  silver,  but  to  have  yielded  so  base  an  amaJgam 
as  to  have  been  rejected  as  an  ore  of  silver.  Its  true  chs 
appears  to  have  been  overlooked  imtil  recently,  when  saokid 
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KDt  to  EnglanrT,  and  the  value  of  the  mineral  as  a  pure  oxide  of 
ilirnouy  was  at  once  recognised.  Shortly  afterwards  arrangements 
rere  made  with  tlie  ownera  to  ship  the  ore  for  treatment  to  works 
Bcted  at  Oakland,  California,  There  would  appear  to  be  three 
feQrstcms  of  veins  within  an  area  of  about  four  square  miles. 
"fhe  most  northerly  groiip,  tlie  San  Josu,  was  in  1881  the  most 
productive  in  antimony,  but  it  carried  no  silver.  The  Santa 
[argarita  group  lies  between  the  preceding  and  the  Argentine 
roup.  Both  the  second  and  third  groups  are  argentiferous,  but 
le  first,  although  containing  no  silver,  was,  when  opened,  richer  in 
itimony  than  the  two  latter.  Tlie  size  and  yield  of  the  veins 
bave  proved  very  variable,  but  the  area  over  which  the  mineral  ia 
3und  is  so  large,  and  the  number  of  veins  so  great,  that  the 
liatrict  promises  to  be  an  important  one,  though,  to  what  extent, 
lore  extended  mining  ahme  can  determine.^ 

Ores  of  antimony  likewise  occur  in  tlie  Coyote  mining 
istrict,  Utah  Territory,  where  stibnite  occurs  in  large  quantities 
the  form  of  horizontal  beds  or  layers,  in  a  soft  sandstone, 
"■which  rises  in  precipitous  bluffs  on  each  siile  of  the  valley  of 
Coyote  Creek.  This  sandstone  is  underlain  by  a  thin  bed  of 
limestone,  and  by  a  conglomerate  of  much  worn  and  rounded 
qu.irtz  boulders,  forming  the  base  of  the  bluffs.  The  antimony 
•wcurs  just  above  the  junction  of  the  sandstone  with  the  limestone, 
and  in  some  places  ha.<i  been  found  in  the  conglomerate  ;  generally, 
however,  the  layers  of  antimony  ore  are  enclosed  in  the  sandstone. 
The  thickness  of  these  layers  varies  at  different  points  from  a  few 
inches  to  about  thirt.y  inches.  It  may  in  some  cases  be  thicker 
than  this,  and  there  are  evidences  of  two  or  more  beds,  one 
above  another.  The  workings  have  not  yet  sufhciently  progressed 
to  show  the  full  extent  of  the  beds  as  regards  their  thickness  and 
number.*  Sulphide  of  antimony  was  discovered  in  South-western 
Arkansas  in  1873,  and  since  that  date  three  mines  have  been 
opened,  from  which  a  number  of  antimonial  minerab  have 
been  obtained.  The  most  extensive  deposit  is  on  the  Stewart 
Lode,  which  was  discovered  in  1877,  and  courses  N.  13°  E.,  with  a 
nearly  vertical  dip.  This  would  appear  to  be  one  of  the  few 
localities  in  the  United  States  where  ores  of  antimony  are  found 
in  workable  quantities.' 


'  J.  Donglaa,  Jnn.,  EnginMring  anil  Mining  Journal,  March  ith,  1862. 

""   port  upon  the  Antimony  Dcpoiits  of  Southern  Utah,' 


New 


«  W.   BlAe,    "Beport 
Kven.  1881. 
'  C.  r.  Wilinmg,  "Anlimoi^  in  ArknnsM,"  Tram.  Amrr.  Jntt.  Mining  Engivecrw, 
vol.  iii.  1875,  p.  150  ;  C.  E.  Wiiit,  Ibid,  vol,  viii.  1880,  p.  42. 
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Copper. 


The  Lake  Superior  region  ^  during  the  year  ending  Junu  k, 
1880,  funiishud   9()'48  jier  cent,  of  the    total  amouui  of  wyfa 
produced  iu  the  United  States  east  of  the  lOOtli  Muriiium; 
exclusive  of  the   yield  of  the  western    States  and  Territi 
Califoriuft,  Colorado,  Idalio,  Arizona,  &c. 

This  is   one   of   the  most  productive  copper  districts  in  I 
world,  the  roetftl  occurring  in  luikssea  in    bedded  trappeaa 
aasooiate<l  with  int.4*r8trntihod  s^iiidKtunes  and  conglomeratea. 
copper  is  found  almost  whoU)  in  the  native  state,  and  oocoai 
only  in  veins  but  also  disseminated   in    amygdaloidal  aiui 
glomerate  rocks,  on  which  some  of  the  richest  and  most  pr  ' 
mines  are  worked.     The  Lake  Superior  copper  belt  ext*  i 
Keweenaw  Point  south-west  to  Wisconsin,  and  thence  aemm  tkc 
Stat^.-  to  Minnesota,     Its  length  is  about  130  miles  and  itswidthii, 
occupying  portions  of  the  (Juunties  of  Keweenaw,  Hougbtao,  lit  I 
Royale  and  Ontonagon.     Beginning  at  the  north-east  many  nnnti 
have   been   opened  fn>m  Keweeniiw  Point  to  the  south-west,  i»  1 
eluding  the  celebrated  Calumet   and    Hecla    Mine    in   Hougkta|| 
County,    There  are  various  mines  in  Ontonagon   County,  nl| 
others  on  Isle  Royale  in  Lake  Sujjerior. 

Keweenaw  Point  is  composed  of  two  distinct  formations;  mj 
the  eusturn  side  are  sandstones,  while  on  the  western  is  an  t- normoiaj 
development  of  alternating   trappean   rocks    and   conglome 
The  relative  ages  of  these  formations  has  given   rise  to  mncdl 
discussion.     Both  have  been  reforred  to  the   Potsdam  epoch 
Foster  and  Whitney,  and  by  Sir  W.  Logan  to  the  Chazy;  wbik 
Mr.  Bell,  of  the  Canadian  Survey,  considers  the  cupriferous  twk»  \ 
be  of  Triassic  age,  thus  agreeing  with  Jackson  and  Owen  in  a  vie 
afterwards  abandoned  by  the  latter.     Pumpelly  is  of  opinioti  tha 
the  cupriferous  series  was  formed  before  the  tilting  of  the  Huron 
beds,  upon  which  it  rests  conformably ;  and  that,  after  the  elev&ti<dr 
of  these  rocks,  sandstone  and  shales  containing  fossils,  which  shon, 
them  to  belong  to  the  Lower  Silurian  period,  were  deposited 
products  of  the  erosion  of  the  older  rocks.     It  is,  however,  stil 
uncertain    whether    they  should    be   referred    to    the    Pot 
Calciferous,  Quebec,  or  Chazy  epoch. 

>  J.  D.  Whitney,  "Metallic  Wealtli  of  the  United  SUtee  : "  R«pha«l  PumnU/J 
*'  Coppei-bcaiing  Rocka,"  Oeol.  fiurTfy  <if  Michigan,  vol.  L  1878. 
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According  to  H.  Creduer,^  copper  occurs  in  this  region  in  four 
ifferent  forms  of  deposit,  nauiely  : — 

1st.  Ill  true  fissure  veins  which  traverse  the  melaphyres  and 
aygdaloids  and  are  only  productive  in  those  rocks,  but  become 
sntracted  and  pinched  when  they  enter  the  diorites,  and  are 
totally  unproductive  as  soon  as  they  pass  into  the  conglomerates  or 
sandstones.  In  siich  lodes  masses  of  native  copper,  each  weighing 
many  tons,  are  found  associated  with  native  silver,  quartz,  calcite, 
tauinonite,  prehuite,  apophyllite,  natrolite,  desinine,  fluor  spar, 
epidote.  and  chlorite. 

2nd.  As  entirely  or  partially  filling  vesicles  in  amygdaloidal 
melaphyres,  as  is  the  case  not  only  in  the  vicinity  of  the  lodes 
but  also  at  cousiderablu  distances  from  them.  At  the  Copper  Falls 
Mine  the  amygdulea  are  often  entirely  filled  with  native  copper, 
but,  when  their  filling  is  not  exclusively  metallic,  the  copper  is 
accompanied  by  native  silver,  calcite,  quartz,  chlorite,  laumonite, 
prehnite,  analcime,  epidote,  datolite,  iron  glance,  &c. 

3rd.  As  an  ticcessory  constituent  of  an  epidote  rock  lying  in 
irregular  layers  between  the  various  sheets  of  melaphyres. 

4th.  As  the  cementing  material,  or  an  accessory  portion  of  the 
cementing  material,  of  a  breccia  occurring  between  the  sheets  of 
melaphyre.  The  Ualumet  and  Hecla  deposit  is  an  example  of 
such  a  metalliferous  breccia. 

Crystals  of  silver,  free  from  copper,  are  not  unfrequently  found 
deposited  on  copper  containing  no  silver,  and  the  masses  of  native 
metal  usually  exhibit,  with  electrotype  fidelity,  an  exact  cast  of 
the  surfaces  of  the  enclosing  rocks. 

When,  as  sometimes  occurs,  a  mass  of  copper  is  met  with, 
extending  some  twenty  or  thirty  feet  along  the  course  of  a  vein, 
and  weighing  considerably  above  a  hundred  tons,  its  removal  is 
attended  by  a  certain  amount  of  difficulty.  In  order  to  extract 
such  a  deposit  of  "  mass  copper,"  the  rock  is  first;;^stoped  from  one  side 
of  it,  and  the  metal  subsequently  divided  by  means  of  cross-cut 
chisels,  into  fragments  of  such  dimensions  as  to  admit  of  being 
taken  upon  rollers  to  the  shaft  and  thence  raised  to  the  surface. 

The  name  of  "  barrel  work  "  is  applied  to  the  smaller  pieces  of 
copper,  each  usually  weighing  a  few  pounds  only,  which  are  too 
large  to  go  under  the  stamping  mill,  and  are  consequently  picked 
out  to  be  sent  away  in  barrels.  In  the  more  productive  mines, 
considerable  quantities  of  this  lump  copper  are  obtained  during  the 
breaking  and  preparation  of  the  "  stamp  work."  It  usually  contains 
I  Netui  Jakrb.  fUr  Mmcral,  1669, '(.  \. 
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fram  60  to  70  per  cent  of  copper.  The  largest  propoftion  of  lb 
capriferons  material,  in  all  the  mines  of  lake  Superior,  oooaati^ 
boverer,  of  sUmp  vork,  which  requires  to  be  broken  into  pieoa 
of  modenUe  siae  b^ore  beti^  sabjected  to  the  operatioiu  d 
stamping  and  washing. 

The  piodoetiaa  of  the  I^e  Soperior  Mines,  during  the  jar 
1882.  amounted  to  88,491  tons  of  copper,  of  which  amount  16,U27 
toQ3  were  supplied  br  the  Calumet  and  Hecla  Mine  alooe. 

Cf^iper  ores  associated  with  quarts  occur  in  true  lodes  in  tli« 
State  of  Maine  at  Dexter,  Lubec,  Parsoosfield,  and  various  otLer. 
localities. 

A  .r  to  the  Census  Bulletin,  during  the  year  enduig  Ji 

1st,  1        .     ree  mines  in  Hancock  County,  emplojing  nine^i 
workmen,  prodoeed  1S.500  tons  of  rough  ore,  equivalent  to  ill 
tons  of  metallic  copper,  worth  $10,125. 

Several  copper  mines  bare  been  opened  in  the  State  of  Msiy-^ 
land,  particularij  in  the  vicinitj  of  Liberty  and  New  Tiood'a.  in 
Frederick  County.  The  ore&  whicb  pnncipallj  consist  of  tsti- 
i>u8  sulphides,  are  enclosed  for  the  most  part  in  a  mixture  of  tslcow^ 
slate  and  limestone.  At  the  Dolly  Hide  Mine,  in  this  distiict,  l 
workings  are  carried  on  upon  a  broad  band  of  crystalline  li 
which,  where  best  developed,  is  nearly  100  feet  in  thicknesaL 
contains  numerous  parallel  bands  of  ore  mixed  with  a  quartaoce 
material  coloured  brown  by  the  oxides  of  irvn  and  manganese.  The 
rook  on  each  side  of  the  belt  of  limestone  is  an  aigillaoeoos  tlitc 
At  the  Springfield  Copper  Mine,  in  Carroll  County,  copper  ore, 
chiefly  in  the  form  of  copper  pyrites,  occurs  in  a  vein  running 
N.  25''  E.,  with,  for  the  first  sixty  feet,  a  dip  soutb-east,  and  then 
becoming  nearly  perpendicular.  This  vein  is  at  the  surface  firaoi 
twenty  to  twenty-four  feet  in  width,  and  was  odgioally  wnked 
for  iron  ore.  At  Mineral  Hill,  near  Sykesville.  there  are  bar 
veins  enclosed  in  talcose  and  chloritic  slatesL  In  1880 
in  Carroll  County  employing  six  men  produced  82  toas 
copper  ore. 

The  copper  ores  of  ilissoiiri,  as  well  as  the  lead  ores,  are  chii 
contained  in  Lower  Silurian  strata,  which  have  been  deposited 
depressions  of  the  Azoic  rocks.    Copper  ore  was  first  diaoovered 
Ste.  Genevieve  County '  in  1863  by  a  German  &maer,  who 
occasion  to  make  a  road  from  his  house  into  the  neigfaboi 
valley,  and  while  so  engaged  noticed  pieces  of  a  gruoi-ookNirBd 

<  Fnok  X>cbol«on.  "  A  Review  of  the  SU.  GencTMTc  rtrnrn  Itrnwlt."   IVva 
A'lt-er.  Itut.  Mining  Enyineen^  (tSS,  {c  444.  ^^^_ 
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mmeral,  of  which  he  collected  specimens,  which  wore  subsequently 
forwarded  to  St.  Louis  for  analysis. 

The  Ste.  Genevieve  copper  deposit  occurs  in  the  second  of  the 
Magnesian  Limestone  Series  of  the  Lower  Silurian  system  and 
in  the  immediate  vicinity  of  the  mines  this  rock  attains  a 
thickness  of  upwards  of  2.50  feet.  East  of  this  the  Carboniferous 
syst-em  is  met  with,  and  continues  to  the  river  above  Ste.  Genevieve, 
while  below  the  town  Quaternary  deposits  occupy  the  area  included 
between  Dodge  Creek,  Jlill  Creek,  and  the  Mississippi  River. 
As  far  as  can  at  present  be  determined,  the  copper  deposit 
consists  of  two  nearly  horizontal  beds  of  ore  between  strata  of 
chert  enclosed  in  Silurian  limestone.  The  uppermost  of  the 
two  known  cupriferous  horizons,  and  that  from  which  nearly  the 
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r\a.  90.— On  tlcjMwIt,  CuTDwal]  Mine ;  vntical  BecUon. 


?hole  of  the  ore  hitherto  extracted  from  the  Cornwall  Mine  has 
aen  obtained,  is  250  feet  above  the  bed  of  the  stream  traversing 
le  adjacent  ravine.  Tlie  lower  level  seam,  tlrnt  worked  at  the 
Swansea  Mine,  is  at  least  150  feet  below  the  upper  one.  The 
principal  ore  is  copper  pyrites,  which  is  found  in  a  massive  form,  and 
iraries  in  thickness  from  three  inches  to  several  feet,  Fig.  90, 
2r  a  sketch  by  Mr.  Nicholson,  taken  in  the  Vall(5  drift  of  the 
Cornwall  Miue,  250  feet  from  its  moutli,  shows  the  sequence  and 
Ipproximate  thicknes.s  of  the  various  strata  in  that  locality.  The 
ore  is  here  compact  copptr  pyrites  almost  free  from  gangue,  but 
l,bout  fifteen  feet  from  the  ]K)int  where  this  sketch  was  taken 
Jthe  ore  seam  is  entirely  lost,  to  again  make  its  appearance  at  no 
rery  considerable  distance. 


572 


ORE  DEPOSITS. 


[l>A«T  III 


During  the  census  year,  three  mines  in  the  County  of  Ste. 
Genevieve,  employing   eighteen  persons,   produced  1,051  tona 
copper  ore,  representing  115   tons  of  ingot  copper,  worth  f  25,730. 

The  most  im|)ortant  copper  mine  worked  in  North  Carolina  is  Uje 
Ore  Knob.*  This  mine  is  situated  not  (ax  from  the  New  River  iu 
Ashe  County,  North  Carolina,  and  is  on  a  true  vein  which  cuts  the 
strata  of  gneiss  an<i  mica  schist  of  the  region.  These  rocks  dip  45' 
SJ).,  while  the  lode  is  vertical  with  a  course  N.  60°  E.  BuUi  counttj 
rock  and  lode  are  decomposed  down  to  considerable  depths,  tiie 
latter  exhibiting  a  strong  capping  of  gossan.  At  a  certain  depth 
the  lode  becomes  charged  with  carbonate  anr)  red  oxide  of  copjier, 
which  still  lower  down  are  replaced  by  rich  sulphuretted  ores  of  that 
raetiil.  This  deposit  was  worked  irr^ularly  before  the  Civil  Wir, 
and  was  again  opened  in  1873.  The  outcrop  has  been  tnured 
for  a  distance  of  1,900  feet,  and  copper  ores  have  been  met  with 
in  five  diflPerent  shafts  within  a  distance  of  661  feet.  A  drift 
has  moreover  been  carried  for  the  above  distance  through  solid 
ore.  The  breadth  of  the  lode  varies  from  six  to  fourteen  feet, 
and  the  outcrop  of  gossan  is,  in  some  parts,  twenty  feet  in  width. 
In  187-*  the  Ore  Knob  yielded  a  net  profit  of  ?60,8fli 
Copper  Knob,  situated  in  the  Blue  Ridge,  near  the  Ashe-Wautaags 
railway,  is  worked  on  a  vein,  or  rather  group  of  veins,  of  which 
the  most  important  carries,  in  addition  to  quartz,  erubescite,  yellow 
copper  ore,  malachite,  chrysoeolla,  specular  iron  ore  and  pyrites; 
with  occasionally  free  gold  and  silver.  Two  mines,  both  situated 
in  Ashe  County,  giving  employment  to  328  persons,  produced, 
during  the  year  1879-1880,  24,680  tons  of  ore,  representing  820 
tons  of  metallic  copper,  value  $350,000. 

In  Montgomery  and  Chester  Counties,  Pennsylvania,  cupriferous 
veins  occur  at  or  near  the  junction  of  the  gneiss  and  New  Red 
Sandstone.  This  metalliferous  zone  extends  in  a  general  east  and 
west  direction  across  the  Schuylkill  River,  occupying  a  range  of 
country  some  six  or  seven  miles  in  extent.  Within  this  space 
there  are  ten  or  twelve  lodes,  some  of  which  are  said  to  be 
confined  to  one  formation  and  some  to  the  other ;  while  others 
again  traverse  both.  Professor  Rogers  states,  as  a  general  fact,  that 
those  veins  which  are  confined  chiefly  or  entirely  to  the  gneiss 
bear  lead  ore  as  their  most  abundant  mineral,  while  those  which 
are  restricted  to  the  red  shale  usually  contain  more  copper 
tlian  lead. 

1  T.  Sterry  Hunt,  "  The  Ore  Knob  QajUM  Mine,"  Traiu.  Amer.  ftuU.  Mininy 
Engineers,  yoi.  U.  1674,  f.  123.  "*- 
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During  the  census  year  one  mine  in  Montgomery  County, 
employing  ten  hands,  produced  289  tons  of  ore,  representing  20 
tons  of  ingot  copper,  value  15,630. 

Numerous  deposits  of  copper  ore  are  enclosed  in  the  Huroninn 
rocks  of  South-western  Virginia,  East  Tennessee,  and  Georgia. 
This  belt,  which  extends  over  a  length  of  nearly  sixty  miles, 
has  been  worked,  to  some  extent,  at  three  different  points, 
uamely  : — Carroll  County  in  Virginia ;  Ducktown  in  Tennessee,  and 
Canton  in  Georgia.  Of  these  deposits  that  of  Ducktown  has 
been  the  most  extensively  worked,  and  is  consequently  known 
to  a  greater  depth  and  over  a  larger  extent  than  is  either  of  the 
other  two. 

The  cupriferous  deiwsits  of  Tennessee'  are  situate<l  in  the 
immediate  vicinity  of  the  Ococc  River,  in  the  extreme  south-eastern 
comer  of  the  State.  The  ores  are  contained  in  micaceous  schists, 
which  dip  at  a  high  angle  to  the  south-east,  have  a  strike  of 
N.  20°  E.,  and  enclose  lenticular  ore  masses  which  may  ho  fullowed, 
with  but  comparatively  few  interruptions,  for  a  distance  of  five 
miles.  These,  which  sometimes  attain  a  very  considerable  length, 
with  a  thickness  occasionally  exceeding  fifty  feet^  are  at  Ducktown 
arranged  in  three  parallel  zones  separated  from  one  another  by  bands 
of  unproductive  rock.  According  to  WTiitncy  and  Credner,  the 
iiieti\illiferous  deposits  of  Ducktown  are  not  only  parallel  to  one 
another  but  also  to  the  strike  and  dip  of  the  enelosing  rocks,  and 
consequently  in  this  respect  resembki  the  great  pyrites  ma.«ises 
of  Schmiilluitz,  lliimmelsberg,  and  Rio  Tinto.  Throughout  the 
whole  extent  of  their  course  these  deposits  exhibit  a  remarkable 
uniformity  in  their  formation.  The  outcrop  is  usually  rendered 
conspicuous  by  a  heavy  gossan,  by  which  the  surface  of  the  ground 
is  often  covered  with  masses  of  ferruginous  raateriixl  over  consider- 
able areas.  On  sinking  to  a  sufhcient  depth  through  this  gossan, 
a,  the  section  represented  in  Fig.  91  is  obtained.  Beneath  the 
ferruginous  outcrop  is  found  a  horizontal  bed  of  cupriferous  ore,  b, 
of  variable  thickness,  and  of  a  width  corresponding  to  that  of  the 
vein.  Immediately  under  the  copper  ore,  and  separated  from  it 
by  a  well-defined  line,  i.s  the  unaltered  veinstone,  c,  consisting  of 
an  intimate  mixture  of  common  iron  pyrites,  magnetic  pyrites,  and 
a  little  yellow  copper  ore,  associated  with  quartz  and,  occasionally, 
with  actinolite.  This  undecomposed  vein.stone  contains  on  an 
average  about   Ij    per   cent,   of  copper,  but   richer  patches  of 

'  J.  D.  Whitney,  "  Metallic  Wealth  of  the  United  State*,"'  p.  322  ;  U.  Credncr, 
J5*wv.  unrf.  UUUtnm.  Zeit.  1867,  p.  8  ;  1871,  p.  370. 
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copper  ore  sometimes  occur  in  the  mass.  The  go<ssan,  a,  u  well 
the  copper  ore,  b,  mainly  consisting  of  a  mixture  of  the 
ilphides  of  iron  and  copper,  often  enclosing  cubical  crystals  of  iron 
pyrites,  are  evidently  the  result  of  the  decomposition  of  the  un- 
altered ore  which  once  occupied  their  place.  The  sulphide  of  coprvr 
forming  a  considerable  proportion  of  the  deposit  b,  has  obv]  ;  . 
been  derived  from  the  ore  now  converted  into  gossan;  smd, 
when  stopping  at  Ducktown  during  the  summer  of  1857, 1  notouly 
remarked  that  some  of  the  springs  in  the  neighbourhood  of  the 
deposits  were  highly  charged  with  HJi,  but  also  that  this  gas  was 
in  unusual  quantities  present  in  the  mines.  I  was  also  informed 
by  Captain  Pill,  then  manager  of  the  Hancock  Mine,  that,  on  one 
occasion,  some  men  who  were  working  on  the  black  copper  ore  wew 
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for  a  short  time  driven  from  their  work  by  a  blower  of  sutph^il 
retted  hyilrogen.     Another  iudicatiou  of  the  process  by  which  thci 
deposits  of  secondary  mineral  are  produced  is  furnished   in  the 
fact  that,  wlierever  the  walls,  d,  of  the  deposits  were  crossed  in  lb 
ore-bearing  horizon  by  a  fracture  having  a  downward  iuchnatioi 
the  fissure  was  invariably  filleil  with  copper  ore  of  the  class  coi 
stituting  the  layer  b.     As  before  stated,  the  bottom  of  the  bed 
copper  marks  the    limit  of  the   decomposition    of  the  vein, 
beneath  this  line  the  ore  exists  in  its  original  condition.     The  depi 
to  which  decomposition  of  the  outcrop  has  extended  is  variable,  but* 
is  nearly  identical  with  that  at  which  water  is  first  found.    On  the 
ridges    the   depth   of  the  gossan  may   average   from    eighty 
ninety  feet,  but  in  the  valleys  the  depth  is  not  more  than  thirty  fe 
At  one  place  in  the  Hiwassee  Mine  the  body  of  black  ore  w 
forty-five  feet   in   width,   an.l    Professor  Wliitney   estimated   ita 
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average  thickness  at  two  feet,  altliough  in  many  places  it  was  much 
thicker. 

At  first  the  facility  with  which  this  ore  could  be  mined, 
neither  deep  shafts  nor  limbering  being  required,  enabled  large 
quantities  to  be  forwarded  to  Boston  and  elsewhere,  in  addition 
to  that  which  was  smelted  upon  the  spot ;  but  the  beds  of 
black  ore  became  gradually  exhausted,  and  at  length  nothing  but 
the  unaltered  pyritic  ore,  c,  remained.  This  has,  at  various  times, 
been  worked  to  considerable  depths,  but  the  results  obtained  do 
not,  as  a  whole,  appear  to  have  been  remunerative. 

Dr.  Hunt  regards  the  Duck  town  deposits  as  fissure  veins,  thus 
disagreeing  with  the  opinioos  of  Whitney  and  Credner,  who 
believe  them  to  be  lenticular  masses.  Dr.  Hunt  has,  however,  had 
the  advantage  of  u  great  additional  development  of  the  under- 
ground workings  and  also  of  explorations  by  the  diamond  drill, 
ari<l  he  declares  these  deposits  to  possess  a  banded  structure  with 
iuterstitinl  spaces,  and  that  they  contain  vugs  characteristic  of 
deposits  posterior  in  origin  to  the  enclosing  rocks.  During  the 
census  year  only  one  copper  mine  was  in  operation  in  the 
State  of  Tennessee;  this  was  situated  in  Polk  County,  gave 
occupation  to  four  men,  and  produced  SD-t  tons  of  ore,  of  which 
the  percentage  is  not  given. 

According  to  Whitney,  copper  ores  have  been  found  in  various 
localities  in  the  State  of  Vermont.  Copper  pyrites  comparatively 
free  from  iron  pyrites  occurs  at  Corinth,  along  a  hne  extending  about 
1,100  yards,  and  bearing  N.  10°  W.  A  cunsidcraLle  quantity  of 
the  ore  from  this  locality  was  formei'ly  sent  to  smelting  works  in 
Boston.  During  the  census  year,  Vermont  contributed  from  one 
mine,  in  Orange  County,  employing  619  men  and  boys,  28,037  tons 
of  copper  ore,  etjuivalent  to    1,324    tons  of  ingot  copper,  value 

Copper  ores  occur  in  various  places  in  Wisconsin,  and  among 
others  in  the  neighbourhood  of  Mineral  Point,  where  the  ore 
occupies  a  fissure  fourteen  feet  in  width  in  Lower  Silurian  lime- 
stone. In  1841,  in  which  year  Mr.  J.  T.  Hodge  made  an  exami- 
nation of  this  region,  the  fissure,  which  had  been  traced  for  a 
distance  of  about  a  quarter  of  a  mile  and  to  a  depth  of  fifteen 
feet,  was  found  filled  with  gossan  enclosing  lumps  of  green  copper 
ore,  beneath  which  was  a  mixture  of  clay  and  yellow  ore.  At 
that  date  about  seventy-five  tons  of  copper  ore  had  been  extracted 
from  this  deposit.  During  the  census  year,  one  mine  in  Iowa 
County,  Wisconsin,  produced  62  tons  of  copper  ore,  equivalent  to  0 
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tons  of  ingot  copper,  value  $1,549,  and  gave  employment  to  sereB 


men. 


The  total  production  in  tlie  United  States  east  of  the  lOOlh 
meridian  was,   during   tbe  census  year,  1,005,955  tons  of  ore, 
juivalent  to  25,827  tons  of  ingot  copper,  worth  $8,842,961.^ 


Iron. 

I  of  specular  and  magnetic  iron  ore  of  enormous  exteil 
occur  in  the  Laurentian  and  Huronian  formations  of  North 
America.'  Important  ore  masses  of  Laurentian  age  are  foiin  '  I 
Uie  States  of  New  York,  New  Jersey,  and  Pennsylvania ;  cspe. :  ..Ij 
on  Lake  Champlaio,  in  the  highlands  of  New  York,  in  New  Jer»>r, 
and  at  Cornwall  in  Lebanon  County,  Pennsylvania.  On  Lake 
Champlaio  coarsely  granular  magnetic  iron  ore,  which  is  sometimw 
rendered  impure  by  the  presence  of  apatite,  occurs  in  tentieiilir 
,beds  interstratified  in  gneiss.  In  the  New  York  and  New  Jener 
ighlands,  syenitic  gneiss  contains  beds  of  iron  ore,  which  for  maaj 
miles  follow  all  the  twistings  and  contortions  of  the  gn«u 
Magnetic  iron  ore  is  also  found  associated  with  the  franklinite . 
red  line  ores  of  Franklin  and  Stirling,  New  Jersey.  The  nw 
productive  deposit  of  iron  ore  in  the  State  of  New  York  is  at 
Old  Bed  Mine,  in  Essex  County,  which  in  1879-1880 yielded  208,*l( 
tons,  of  the  value  of  $744,344.  The  total  output  of  iron  ore  in 
State  during  the  same  year  amounted  to  1,262,127  tons, 
number  of  iron-ore  pn>ducing  States  is  no  less  than  twentj 
three,  and  it  will,  therefore,  be  necessary  to  confine  our  attootio 
exclusively  to  a  few  of  the  more  important. 

The   magnetic   ores  of    New   Jersey  occur   in  the    mount 
range  in  the  western   part   of  the  State,   and   occupy   an 

<  In  the  Ctntiu  BulUttn,  from  which  Uie  statistics  relatire  to  ooppor  h«v«  bneo 
ehieflv  derived,  the  yield  is  reduced  to  metallic  copper,  and  its  value  u  givitT)  at  th* 
mines,  or  at  \he  point  where  it  is  no  longer  operatctl  upon.  In  aoaie  instsacM 
both  mining  and  smelting  are  carried  onbj  the  satoe  e«tablishment ;  while 
the  prcic«as  of  reduction  is  partially  carrie>i  on  at  the  mine,  and  the  product  i 
in  the  form  of  legnlos.  I  n  other  caaes  the  ores  of  copper  are  mined  and  shippt 
out  any  preliminary  rclacttoD.  Thos  the  industry,  strictly  speaking,  embnoei 
minins;  and  siueltinj;  in  a  way  which  reudert  tt  impoesible  to  separate  the  two. 
fallows  that  the  only  common  nnit  to  which  these  Tarioos  prodacts  can  be  redn 
is  metallic  copper,  the  Tslae  of  wlui;h,  to  the  mine  protiocing  it,  varies  greatly 
with  the  expense  i«qniring  to  b«  laid  ant  npon  it  before  it  reaches  the  market  in  tfaa 
form  of  njetal. 

»  T.St*rrv  Hunt,  "The Cornwall  Iron  Mine.Tmiis.  Aver.  IntL  iliningk 
vol.  iv.  1S74,'  p.  31S  ;  J.  C.  Smock,  "The  Ma^etic  Iron  Ores  of  Xew  Jer«ry3 
vol.  iL  1874.  p.  3U  ;  H.  Newton.    "Oiwi  of  Iron,"  Ibid.  vol.  iii.  1875.  pi 
R.  Pnmpclly  and  A.    Schmidt,  "  Iron  Ores  of  Missonri."  New  York,  1878  ; 
Brooks,  "  Iron-bearing  Rocks,"  Gfol.  Surrfti  of  Afickigaii,  1878,  voL  i.  p.  9. 
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■  000  square  miles,  of  which  the  average  elevation  is  about 
BpOO  feet  above  the  sea  level.  Excepting  the  valleys  towards 
Be  north-western  border,  which  contain  magnesian  limestone 
Bid  Hudson  River  slate,  the  whole  rango  consists  of  crys- 
■Uine  rocks  closely  resembling  tliose  of  the  Laurentian  forma- 
■n  of  Canada,  distinct  stratification  being  nearly  everywhere 
BBervable.  In  the  State  Geological  Survey  Re])orts  these  rocks 
Be   described   aa   Archaean,  and   it  is  in  this   crystalline    meta- 

I  morphic  series  that  the  magnetic  iron  ores  are  found. 

In  Sussex  County,  New  Jersey,  there  is  a  unique  deposit  of 

,  frankJinite,  a  mineral  much  resembling  magnetite,  but  in  which 

'  part  of  the  iron  is  replaced  by  manganese  and  zinc.  This  is  a 
valuable  ore  as  a  source  both  of  zinc  white  and  of  spiegeleisen. 

Deposits  of  magnetic  iron  ore  pass  from  New  Jersey  into 
Pennsylvania,  and  are  extensively  worked  at  Cornwall,  in  Lebanon 
County.  The  great  South  Mountain  belt  is  composed  of  Laurentian 
rocks,  in  which  are  found  the  characteristic  ores  of  the  Hinlilands 
of  New  Jersey,  New  York,  and  the  Adiroudacks  ;  while  Pennsyl- 
vania now  produces  large  quantities  of  these  ores,  although  the 
great  area  of  ore-bearing  Laurentian  rocks  within  hei-  borders  still 
remains  comparatively  unexplored. 

Another  class  of  crystalline  iron  ores,  chiefly  magnetites, 
appears  to  belong  to  a  distinct  ore-bearing  liorizon,  and  is  found  in 
Pennsylvania  along  both  borders  of  the  Mesoz<jic  Sandstone 
formation.  Those  ores  were  referred  by  Professor  H.  D.  Rogers 
to  what  he  designated  "  Primal  Slates,"  which  he  regarded  as 
the  lowest  member  of  the  Palaeozoic  series,  though,  by  some 
later  observers,  the   Cornwall  Mine  and  certain    related  deposits 

,  west  of  the   Susquehanna   have  been  referred   to   the   Mesozoic 

Mgndstones. 

''  The  area  of  ore  exposed  at  the  remarkable  deposit  of  magnetite 
of  the  Cornwall  Mine,  measures  about  4,(t00  feet  in  a  direction 
nearly  east  and  west,  with  a  transverse  brcjulth  of  from  400  to  MOO 
feet,  and  iucludes  three  hills,  separated  by  two  valleys  running 
north  and  south.  These  hills  are  due  to  a  great  ridge  of  eruptive 
rock,  apparently  doltTite,  which,  although  now  broken  through  by 
the  valleys,  was  probably  once  continuous,  and,  having  a  curveil 
form,  has  evidently  served  to  protect  the  ore-bearing  strata,  which 
both  on  the  east  and  west  have  been  eroded  and  swe]jt  away  in 
past  geological  ages.     The  ore  is  found  in  nearly  horizontal  beds, 

I  sometimes    slightly   contorted,   and    associated   with   layers  of  a 

^■eeuish  granular  silicate,  approaching  hornblende  in  composition, 

^K  p  p 
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and,  more  rarely,  with  a  chloritic  mineral  or  with  serpentine.  Besides 
these  minerals,  iron  pyrites,  which  is  sometimes  cobaltiJLTous,  w-ppci 
pyrites,  malachite  and  red  oxide  of  copper,  are  occasionally  met  witL 
The  facihtics  for  mining  are  very  great,  the  horizontal  layers  being 
worked  in  successive  benches,  furraiug  Vp-ide  terraces  vu  the  hill 
side,  accessible  to  railways  and  locomotives.  Into  the  middle  hill 
two  borings  have  been  sunk  to  depths  respectively  of  240  and  33j 
feet  below  water  level,  the  whole  distance  being  in  iron  ore.  T' 
strata  here  offer  but  gentle  inclinations,  so  that  these  measureni. 
do  not  materially  exaggerate  the  real  thickness  of  the  immense 
mass  of  ore  lying  beneath  the  surface.  The  Cornwall  Ore  Bank 
is  the  most  productive  iron  mine  in  the  United  States,  and  in  KS8() 
produced  no  less  than  280,000  tons  of  ore,  worth  $3O0,000,  and 
employed  135  miners. 

But  few  localities  from  which  iron  ores  are  obtained  in  tie 
United  States  possess  a  higher  degree  of  interest  than  the  deposits  ui 
the  Archaean  rocks  of  Missouri,  among  which  the  masses,  chiefiy 
of  specular  iron  ore,  worked  at  Iron  Mountain  and  Pilot  Knob  urc 
most  conspicuous.  There  are  also  numerous  beds  of  brown  bsema- 
tite  in  the  Palaeozoic  strata  capable  of  furnishing  large  quantiliei 
of  good  ore,  some  of  which  are  being  more  or  less  actively  wTougbL 

The   Iron    Mountain,   Saint  Francois  County,  is  the  larg&i 
deposit  of  iron  ore  in  Missouri,  and  is  surrounded  by  hills  com- 
poseil,  mainly,  of  the  nonual   brown  porjjhyry  of  the  district,    A 
zone  of  red  porphyry  frequently  mixed  with  iron  ore  runs  along  the 
northern  side  of  the  Iron  Mountain,  and  separates  tlie  ore  depo&it 
from  the  brown  prophyry  on  the  other  side.    In  the  eastern  portion 
of  the  zone  the  porphyry  is  partially  decomposed,  while  at  onei 
point,  near  its  contact  with  a  blue  p)q>hyry,  it  occurs  in  distim 
layers  several  inches  in  thickness,  and  has  been  sometimes  mi 
taken  for  a  limestone.     The  whole  surface  of  the  Iron   Moimtain 
is  covered  with  surface  ore  of  a  similar  character  to  that  of  tl 
deposit  itself.     The  main  body  of  the  hill  consists  of  a  loose  claye; 
mass  of  decomposed  porphyry,  known   as  i/«jf  (the  nnillook 
Australian  miners),  which  is  cut  into  two  nearly  equal  portioi 
by  a  vein  of  specular  iron  ore  of  from  forty  to  sixty  feet  in  thicl 
ness,  striking  N.  53°  E.     This  vein  is  known  as  the  hackhow  of  t 
Iron  Mountain,  but  the  bluff  also  contains  numerous  veins  of  froi 
half  an  inch  to  ten  feet  in  thickness,  crossing  the  rock  in  vario 
directions.     The  limits  between  these  veins  and  the  countrv  rock 
are  sharply  and  well  defined.     The   ore  of  the  Iron   Mountain  is 
very  pure  and  almost  free  fum  mochanical  admixtures  of  foreign 
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matter.  Certain  extraneous  substances,  however,  occasionally  occur 
ill  it,  such  as  fragments  of  ptjrphyry,  with  crystals  of  apatite 
and  quartz.     The  ore  contains,  on  an  average,  67  per  cent,  of  iron. 

In  the  accompanying  section  of  Iron  Mountain/  Fig.  92,  a 
represents  country  rock,  l>  iron  ore,  and  c  a  i'iuilt. 

In  1879-1880  the  Iron  Mountain  employed  300  miners,  and 
produced  144,153  tons  of  ore,  worth  $1,U«U,801  ;  a  value  greater 
than  that  of  the  production  of  any  other  mine  in  the  State. 

Pilot  Knob  ia  a  conical  bill  of  nearly  circular  form,  having  a 
diameter  at  the  base  of  about  one  mile.  The  rock  ia  composed, 
chiefly,  of  more  or  less  massively  bedded  porphyries,  porphyry- 
conglomerates,  and  beds  of  ban!  specular  iron  ore,  all  of  which  are 
somewhat  tilted.     Their  strike  is  about  N.  50°  W.,  and  their  dip 


Fio,  BS.— Iron  Honntaln ;  TcrtiaU  leetloD. 

towards  the  S.W.  The  top  of  the  Knob  consists  of  stratified 
porphyry -conglomerate,  with  a  thickness  of  140  feet.  This  con- 
glomerate ia  made  up  of  pebbles  of  porphyry  cemented  together  by 
iron  ore,  and  also  contains  frequent  independent  layers  and  bodies 
of  ore.  The  ore  bed  lies  at  the  bottom  of  the  conglomerate  series, 
has  a  vertical  thickness  of  forty-six  feet,  and  is  divided  into  two 
beds  by  a  slate  seam  varying  from  ten  inches  to  three  feet  in  thick- 
ness. This  seam,  which  is  very  persistent,  lies  thirty-one  feet  above 
the  floor  of  the  lower  ore  bed.  The  upper  ore  bed  is  more  variable 
in  thickness,  ha\ing  a  regular  floor,  but  no  well  defined  roof.  This 
bed  of  ore  extends  over  an  area  of  about  200,000  superficial  yards. 

'  Pmnpelly  and  Schmidt,  "  Iron  Ores  of  UiMonri,"  Geological  Sumry  of  Mimnuri, 
1878,  p.  10. 
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The  Pilot  Knob  ore  dififers  somewhat  from  most  other  specular 
mm  ores  in  its  colour  being  either  steel  grey  or  pearl  jrr  "'  , 

very  marked  tint  of  blue.     Its  lustre  is  faint  and  St.. 
mctalhc,  while  the  structure  is  either  crystalline  or  granukr.    Tht 
ore  from  below  the  slate  seam  contains  an  average  of  60  per  cei 
of  iron,  while  that  above  it  averages  about  53  percent,  of  that  tue 
During  the  last  census  year,  Pilot  Knob  prxxiuced  52,761  ton* 
iron  ore,  worth  $115,993.  and  gave  employment  to  410  miners. 

In  the  decomposed  porphyry  of  Iron  Mountain^  the  ore  ciften 
occurs  in  detached  masses,  whicli  would  appear  to  be  segregalioM 
from  a  state  of  general  diflusion  throughout  the  rock.  At  Pi 
Knob,  on  the  contrary,  the  ore  is  distinctly  bedded,  and,  althouj 
regarded  by  some  who  have  studied  the  deposit  as  an  impregnati( 
of  bedded  porphyries,  it  is  more  probably  a  highly  metamorph 
stratified  deposit  of  iron  ore. 

The  Huronian  rocks  of  North  America  contain  large  masses  of 
valuable  iron  ores,  particularly  in  the  Southern  Atlantic  Staua, 
and  on  the  south  shore  of  Lake  Superior.     In  the  Southern  Slala 
the  rocks  containing  the  pyrites  beds  of  Duck  town  also  enclose  Ijeds 
of  magnetite,  but  they  are  of  comparatively  little  industrial  iropor 
tance.    On  the  other  band,  the  Huronian  deposits  of  tlie 
Superior  region  are,  with  the  exception  of  those  of  Pennsyh'anii 
the  most  productive  in  America.     The  iron-bearing  rocks  of 
Superior    correspond  to  the   Huronian  system   of   Canada, 
consist  of  a  series  of  extensively  folded  beds  of  diorite,  quartzi 
chloritic   schists,  clay  slates,  mica  srhists,  and   graphitic  shall 
among  which  are  intercalated  extensive  beds  of  sevei'al  varieti 
of  iron   ore.     One   of  the  most  extensive,  regular,  and  typii 
deposits  of  ore  in  the  whole  region  is  at  the  Champion  Mine,  t 
three  miles  west  of  Marquette.    The  strike  is  here  a  few  degrees 
of  W,,  the  dip  68°  N.,  and  the  general  form  of  the  deposit  tbi 
of  a  huge  lenticular  mass.     The  eastern  portion  of  this  is  a  black 
magnetic  ore,  while  the  western  consists  of  a  specular  slaty  ore 
taining  some  magnetite.     Minor  irregular  dept>sits   of  pure 
banded  ore,  and  quartz,  together  with  maguesian  schists,  altera 
and  form  a  comparatively  regular  deposit.     Overlying  the  ore 
the  north  side  is  a  hanging  wall  of  grey  quartzite,  and  immediate! 
south  of  it  is  a  banded  quartzose  rock  containing  oxide  of  iron. 
Next  towards  the  south,  and  overlying  the  whole  fonnation,  ism 
bed  of  diorite.     In  1880  this  mine  produced  99,609  tons  of  otM 
worth  $355,748,  and  employed  350  miners.    Granular  and  conipafl 
varieties  of  magnetic  iron  ore  occur  at  the  Michigamme  TITIm 
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The  ore  bed  is  from  seven  to  thirty-five  fpet  in  tliickness,  and 
extends  for  a  great  distance.  The  [irodiiction  during  the  census  year 
was  6(>,158  kiDs,  worth  $212,(152,  and  197  miners  were  employed. 
The  most  productive  undertakingj  working  deposits  of  a  similar 
class,  in  this  region  is  the  Republic  Mine,  which  in  IfsSO  produced 
224,000  tons  of  ore,  worth  §890,000,  and  employed  600  men. 
This  is  one  of  the  largest  masses  of  ore  in  the  United  States. 

One  of  the  most  extensive,  productive,  and  geologically  in- 
teresting deposits  in  the  Marquette  Region  is  the  Lake  Superior 
Mine.  The  structure  of  the  eastern  half  of  this  deposit  ia  more 
complicated  than  tliat  of  any  other  in  the  district,  and  some 
questions  connected  with  it  still  remain  unsolved.  In  the  western 
half  is  an  ore-basin  or  trough,  which  abruptly  narrows  towards  the 
west.  The  outcrop)iing  edges  of  this  ba.sin  diverge  rapidly,  and  its 
bottom  falls  in  the  same  way,  showing  the  deposit  not  to  he  a  vein 
but  a  stratified  bed  similar  to  those  of  the  enclosing  rocks.  In 
the  eastern  half  there  has  been  such  a  gathering  together, 
crumpling,  squeezing,  and  breaking  up  of  the  strata,  as  to  nearly 
obliterate  the  stratification,  and,  instead  of  the  quartzite  hitherto 
found  overlying  all  these  deposits  of  rich  ore,  there  is  here  a 
magnesi.in  scldst.  The  Lake  Superior  Mine  prtxluceil  in  1879-1880 
21.5,030  tons  of  iron  ore,  worth  J&771,180,  and  employed  542  men. 

The  centre  of  the  Menominee  iron  region  is  about  fifty  miles 
south-west  of  Marquette,  and  tlio  same  distance  north  of  Menominee. 
The  ores  in  this  region  occur  in  two  parallel  belts  running  east 
and  west,  separated  by  a  broad  granitic  area.  The  soutbera  belt  is 
probably  the  most  regular,  and  one  of  the  most  extensive  iron  de- 
posits on  the  Upper  Peninsula.  Like  their  equivalents  in  the 
Marquette  region,  the  ore  strata  of  the  Menominee  district  usually 
conform  in  their  strike  with  the  general  trend  of  the  beds,  and  dip 
at  high  angles.  In  the  census  year  the  county  of  Man^uette, 
Michigan,  alone  produced  1,374,812  tons  of  iron  ore,  a  total  more 
than  double  that  of  any  other  county  in  the  United  States,  or 
17'2.5  per  cent,  of  the  entire  proiluction  of  tlie  country. 

Brown  hsematite  is  mdely  distributed  in  the  United  States, 
large  deposits  of  this  mineral  occurring  in  the  Palaeozoic  limestones 
of  Tennessee,  North  Carolina,  and  North-western  Cieorgia.  The 
lignites  of  New  Mexico,  Colorado,  ami  Montana,  are  often 
accompanied  by  brown  hematite  resulting  from  the  decomposition 
of  clay  ironstones.  This  is  also  the  case  in  the  Appalachian 
region,  and  among  the  Carboniferous  iron  ore  deposits  of  Ohio, 
Indiana,  and  Kentucky.     Limonite  occurs  in  dolomite  associated 
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wiih  unc  ores  in  Arkansaa,  and  Texas  is  also  abandantlj  atqpifidi 
with  ores  belonging  to  this  dass.  The  principal  depont  of  qpitUe 
iron  ore  in  the  United  States  is  at  Bcaboty,  Connecticut^  irben^ 
in  association  with  qnartas,  it  occozb  in  a  vein  travenii^  gneai 
Blackband  ironstone  is  of  subordinate  importaxice  in  Amerigit 
but  has  been  found  in  the  Goal-measures  of  Western  Pennsjinoia. 
Earthy  carbonates  of  iron  ore  are  abundant  in  Pennsylvania^  Westen 
Virginia,  and  Ohio. 

In  the  following  table  the  various  iron-mining  States  m 
arranged  in  the  order  of  their  production. 


PBODUonoK  OF  Ibo*  Ou  nr  tbx  Umrxo  Statu  Dumnro  !■>  Tus 
187»-1880.* 


NaiMOfSUta. 

«.« 

ll 

Totd  prodnet 
Tdu  of 

Valneor 
Prodiut. 

Md 
ITMkvaf 

1 

1^1 

l| 

S^OOOUml 

K^Mi. 

PennaylTanU    .   . 

34 

868 

2.185,676 

S.617.079 

8,m 

2 

Michigan    .  . 

2 

48 

1,884,712 

8,084,848 

i,ta 

S 

NewYork . 

12 

78 

1,262.127 

8,664.422 

4,676 

4 

New  Jersey 

9 

I0» 

767,872 

2,910,442 

4,811 

5 

Ohio    .   ,   , 

8 

30 

647,808 

1.269,630 

1,71« 

6 

Missouri     . 

8 

48 

386,197 

1,674,875 

1,8M 

7 

Alabama 

1    10 

17 

191.676 

201,865 

7» 

8 

Virginin      . 

1      9 

26 

182.326 

439,886 

939   1 

9 

'  Maryland   . 

6 

13 

139.628 

421,691 

SS9 

10 

Tennessee  . 

12 

84 

104,466 

147,181 

552 

11 

Georgia  .   . 

1      « 

7 

01,416 

143,622 

34S 

12 

Kentucky  . 

1      4 

6 

64,809 

165,905 

825 

13 

Massachusetts 

1 

9 

62,637 

226,130 

38S 

14 

West  Virginia 

6 

8 

61,216 

101,667 

2« 

15 

Wisconsin  .   . 

2 

2 

41.440 

78,000 

63 

16 

Connecticut  . 

1 

4 

35,018 

147,799 

200 

17 

Oregon    .   .   . 

1 

1 

6,972 

4,669 

14 

18 

Maine     .   .   . 

1 

1 

6,000 

9,000 

20 

19 

Texas  .... 

1 

— 

8,600 

8,100 



20 

Korth  Carolina 

6 

9 

3,318 

5.285 

47 

21 

Delaware    .   . 

1 

2 

2,726 

6,663 

47 

22 

Vermont    .   . 

1 

1 

660 

2,760 

15 

23 

Indiana  .   .   . 

1 

613 

1,018 

— 

Totals  . 

• 

135 

805 

7,971,706 

23,168,007 

81,668 

A  small  amount  of  ore  raised  in  Colorado  is  omitted,  as  it  is  used 
as  a  flux,  and  does  not,  as  yet,  afifect  the  iron  manufacturing  industry. 
In  several  of  the  States,  especially  Texas  and  Indiana,  soft  ores  are 
I  CeiwiM  Bulletin,  No.  270. 
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Obtained  from  surface  diggings.  These  are  raised  by  fjirmers, 
hiring  the  intervals  af  agricultural  ciuployment,  and  the  product 
Irawn  by  farm  teams  to  the  nearest  furnace  anil  suld. 


Gjwbbal  Summary  of  the  PRODurrinN  of  Mktai.s,  &c.,  in  the  UKrrKD 

StATEJJ   IlURIKO  THE   YbAU    1882. 


Metnl  or  Ore. 

QttBnti.r. 

Value.                     1 

Pig  Iron      

Gold 

Silver 

4,623,323  tons 
1,572,18602. 
86,197,696  „ 
45,823  tons 
132.890  „ 
33.765  ,. 
4,033,908  ll<». 
140  tons 

3.600  „ 
2,600  „ 

* 

106,336,429 

32,500,000 

4»,8no,ooo 

16,038,091 

12,824,650 

3,646,620 

1,487,537 

309,777 

16.000 

12,000 

62,600 

100,000 

219,922,504 

£ 

21,267,286 

0,500,000 

9,360,000 

8,207,618 

2,524,910 

729,324 

297,607 

61,956 

8.000 

3,460 

10,600 

20,000 

Copper    

U'ad 

Zinc 

Quicksilver 

Mokel 

Cobftit 

Antimony 

Manganese  ore 

Chrome  iron  ore    ...  . 

Total  VAlae  of  Metftts,  to.,  produned  in  1882 

43,084.660 

The  above  table  has  been  compiled  from  a  report'  by  Mr.  A. 
Williams,  of  the  U.S.  Geological  Survey.  In  most  cases  the  number 
of  tons  of  ore  mined  is  not  given,  but  it  is  stated  that  9,00(J,0(iO 
tons  of  iron  ore,  worth  ?32,400,OOQ  were  obtained  during  the  year. 


DOMINION  OF  CANADA,  &c. 
Canada. 


^_  tuna  of  in 

^^ 

^f  The  principal  metallic  and  metalliferous  productions  of  Canada 
are  gold  and  silver,  with  copper  and  iron  ores ;  but  various  other 
minerals,  such  <vs  iron  pyrites,  blende  nnd  galena,  likewise  occur  in 
considerable  quantities,  as  does  also  apatite,  which  is  mined  for  the 
manufacture  of  artificial  manures.  Although,  however,  these 
minerals  sometimes  occur  in  comparatively  large  quantitii^s.  Canada 
can  scarcely  be  regarded  as  a  metalliferous  country  of  exceptional 
richne.<«. 

^^  >  "Tho  Mineral  Resources  of  the  United  Statei^"  Waiihiogton,  1£88. 
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Gold. — The  existence  of  gold  in  the  sands  of  the  Chaudierc 

Valley  was  first  made   known  in  the  year  1S35  hy  Lieutvxiaiit 

Baddeley,  R.E.,  and  since  that  period  repeated  examinations  baTe 

shown  that  this  metal  is  by  no  means  confined  to  the  district  in 

questiou,  but  that  it  exists  in  the  superficial  deposits  of  a  wiHi; 

region  on  the  south  side  of  the  St.  Lawrence,  extending  from  tie 

St.  Francis  to  the  Etcheinin  Rivers,  and  from  the  first  line  of  hflls 

on  the  north-west  to  the  limits  of  the  province  on  the  south-ewrt. 

The  original  source  of  the  gold  woultl  appear  to  be  the  crystalliziil 

schists  of  the  Notre  Damo  Range;  the  materials  derived  from  llie 

dLsintegralion  of  these  rocks  not  only  constituting  the  superficial 

luaterial  among  the  hills  of  this  range,  but  also  spreading  over  a 

considerable  area  to  the  south  of  them.    The  same  gold-bearing 

rocks  may  be  traced  in  a  SDUtli-westerly  <lirer:tion,  along  the  great 

Appalachian  Chain,  to  the  Southern  United  States.     Gold  has  alfo 

been  found  in  Canada  associated  with  galena,  blende,  and  pyrites, 

enclosed  in  well-defined  quartz  veins  intersecting  slates  >vhich  are 

beheved  to  be  of  Silurian  age.     At  Nutbrown's  Shaft,  situated  in 

the   township  of   Leeds,  masses  of  gold,  each  weighing  seven! 

dwt.,  were  found  associated  with  copper  glance  and  specular  irun 

ore,  in  a  vein  mainly  consisting  of  a  fumiginous  bitter  spar;  snudl 

scales  of  the  same  metal  have  also  been  found  in  the  enclosing 

country  rock.     The  rocks  of  this  locality  belong  to  the  Quebec 

group,  but  the  precious  metal  has  rarely  been  found  in  place,  and 

in  Canada  the  working  for  it  has  been  almost  entirely  confined  to 

various  superficial  deposits  of  clay,  sand,  and  gravel. 

Gold  is  found  very  generally  disseminated  throughout  tJw 
alluvial  deposits  of  the  region  of  which  the  limits  have  been  abo?o 
roughly  defined,  and  is  not  restricted  to  tlie  river  beds,  as  the  forces 
which  distributed  the  auriferous  gravels  were  evidently  anterior  to 
the  formation  of  the  present  water-courses  of  the  country.  Whetb 
the  lighter  portions  of  the  gold-bearing  gravels  have  been  removed 
by  washing,  the  residue  is  found  to  contain  a  large  quantity  of  black 
ferruginous  sand  consisting  of  a  mixture  of  magnetite,  ilmenite, 
chromite,  and  hcematite,  with  occasional  small  crystals  of  garnet, 
nitile,  and  zircon.  The  grains  of  gold  are  sometimes  angular,  but 
are  more  frequently  much  water-worn,  and  vary  in  size  from 
nuggets  weighing  several  ounces  to  the  finest  dust-like  scales. 

Gold  has  been  found  in  the  St.  Francis  River  from  the  vicinity 
of  Meliiourne  to  Sliorbrookc,  in  tlie  tovmships  of  Wostbury,  Wcedon, 
and  Dudswcll,  and  on  Lake  St.  Francis.  It  has  also  been  di*j 
covered   on   the   Etchemin,   and   on   the   Chauditre   and    ncarli 
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all  its  tributaries,  from  tlie  seigniory  of  St.  Mary  to  the  frontier 
of  the  State  of  Maine,  inchuling  tlie  Bras,  tlie  Ouillaume,  the 
Riviere  des  Plantes,  the  Fuiniuo,  the  Dii  Luup,  and  the  Metgermet. 
Several  attempts  to  work  auriferous  alluvial  deposits  have  been 
made  in  the  seigniories  of  Vaudreuil,  Aubert-Gallion,  and  Auliert 
de  risle,  but  have  all  been  successively  abandoned.  The 
country  people,  however,  still  attempt,  from  time  to  time,  the 
washing  of  tlie  gravel,  generally  by  means  of  a  pan,  and  are 
occasionally  rewarded  by  the  discovery  either  of  a  little  conrse  gold 
or  of  a  small  nugget.  In  the  years  1851  to  1852  an  experimental 
gold-wasliing  on  a  somewhat  con.siderable  .';cale  was  carried  out 
on  the  Rivi6re  du  Loup,  near  its  juiictiuu  with  the  Ch;uidi<!Te. 
The  system  of  washing  adopted  closely  resembled  that  employed 
in  Cornwall  for  tin-streaming,  but  during  the  summer  months 
the  supply  of  water  was  occasioujJIy  very  limited.  In  this  way 
about  three-eighths  of  an  acre  were  washed  away  yielding 
105  oz.  7  dwt.  of  gold,  of  whicii  eight  ounces  were  in  the  form  of 
fine  dust  mixed  with  abuut  a  ton  of  black  iron  sand,  the  residue 
of  the  wa.shings.  Several  nuggets  weighing  over  an  ounce  were 
obtained,  and  the  total  value  of  the  gold  coUectetl  was  $1,829, 
while  the  expenditure  amounted  to  only  11,143,  leaving  a  gross 
profit  of  ?686. 

In  1852  about  five-eighths  of  an  acre  of  gravel  were  washed 
near  this  locality,  and  the  total  amount  of  gold  obtained  was 
144  oz.,  valued  at  ^2,4!>6.  Of  this  <iuantity  1.5  oz.  7  dwt.  were 
in  the  form  of  dust  mixed  with  iron  sand,  while  another  portion 
was  in  the  form  of  nuggets.  Nine  of  the  largest  of  these  weighed, 
together,  2.3  oz.  8<lwt. ;  ofthe.se  the  smallest  weighed  11  dwt..  and 
the  largest  6  oz.  7  dwt.  A  little  platinum  and  iridosraiue  were 
also  obtained,  but  the  ([uantity  of  these  was  small.  The  profit 
resulting  from  this  operation  amounted  to  $608,  but  a  portion  of 
the  expenditure  was  for  the  coustructiou  of  a  wooden  Hume  fi»r 
bringing  water  from  a  distance  of  about  DOO  feet.  As  these  would 
be  available  for  several  successive  years,  a  proper  allowance  made 
for  them  would  increase  the  profit  to  about  $C8U.  It  consequently 
appears  that  from  an  acre  of  gravel  having  an  avernge  thickness 
of  two  feet  there  wa-s  taken  gold  of  the  value  of  $4,323,  while  the 
cost  of  labour,  after  deducting  all  expenses  not  directly  incurred 
in  gold-washing,  was  ?2,957,  leaving  a  gross  profit  of  $1,366,  The 
fineness  of  the  go!d-du&t  nbtained  was  871.^ 

The  recks   upon    which    the   gold-bearing   gravels   of   Lower 
B        «  Oe(4ogkal  Survey  ^  Canada :  R-jort  nj  Fro(freJ.i,  p.  741,  Montreal,  1863. 
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C&nada  usually  repose  coutain  various  reefs  or  bands  of  q 
which  generally  follow  the  direction  of  their  stratification,  namel] 
north-east  and  south-west 

Although  these  veins  present  numerous  ontcrops,  both  they 
their  enclosing  rocks  are  more  frequently  concealed  by  a  covei 
either  of  vegetable  soil  or  of  superficial  drift.  TJiese  veins  would 
appear  to  be  most  plentiful  in  the  slates  and  sandstones  of 
Quebec  group,  but  their  thiokniisa  and  aspect  are  extremel: 
▼ariable.  The  quartz  is  generally  white,  but  is  sometimes  coloui 
by  oxide  of  iron  resulting  from  the  decomposition  of  pyrites,  whicl 
often  leaves  cavities,  im{>arting  to  the  mass  a  somewhat  cavemc 
structure.  Some  of  these  veins  are,  on  the  one  hand,  componi 
almost  entirely  of  quartz,  while  others,  on  the  other,  contain  vario 
metallic  sulphides,  such  as  iron  pyrites,  chalcopyrite,  galeii\4 
blonde,  &c,  with  frequently  a  little  gold.  The  auriferous  qouts 
veins  of  Lower  Canada  exhibit  no  unusual  features,  and  it  is 
believed  that  at  the  present  time  none  of  them  are  being  worked 
far  gold. 

Mr.  A.  Michel,  who  reported  in  IHGO  upon  the  gold-fit-Ids  ot 
Lower  Canada,  states  that  the  acquisition  by  American  companies 
of  a  gre&t  part  of  the  atiriferous  lands  along  the  borders  of  Hit 
rivers  Chaudiire,  Famine,  Du  Loup,  and  their  numerous  trihiitories, 
as  well  as  the  sale  made  by  the  Messrs.  De  Lory  to  another  corapany 
of  the  mining  rights  of  the  seigniory  of  Vaudreuil  (Beauce),  tniglit 
have  been  expected  to  have  given  an  impulse  to  the  working  for 
gold  in  this  district.  Such  however  had  not  been  the  case,  none 
of  the  companies,  since  their  organisation,  having  undertaken  an 
serious  explorations  of  their  properties,  while  at  the  same  time  t! 
country  people  ha*l  abandoned  their  search  for  alluvial  gold, 
the  influx  of  strangers  (who  camo  there  for  the  same  purpose  i 
great  numbers  in  1864)  had  entirely  ceased  in  1865,^ 

A  belt  of  gold-bearing  quartz  veins  is  stated  to  occur  thiitj 
mile5   north  of  Belville,  in    the  township  of  Marmora,  Ontario. 
These  reefs  are,  for  the  most  part^  conformable  with  the  stral 
ftcation,  and  contain  gold  in  association  with  various  arsenical 
phides.     The  Huronian  slates  which  extend  a  considerable  distaui 
north-west   of  the   head  of  Lake   Shabendowan,  are   of  spec; 
interest  as  containing  numerous  veins,  of  which  some  are  auriferou 
A    large    number   of    these    veins   hns  been    discovered,    all 
which    have   an  east-north-east  direction  in  conformity  with  t 
strike  of  the  beds.     The  veinstone  consists  uniformly  of  quartz, 
^  Otehtieat  Smrnef  ef  Canada  :  Report  y  Pr^grut,  p.  49,  Otiawa.  18S0. 
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enclosed,  or  it  is  disseminated  thruugh  the  quartz  in  such  a  state 
of  fine  division  that  its  particles  catmot  be  detected  by  the  aid  of 
hand  lens,^ 
Gold  mining  is  not,  however,  carried  on  with  any  degree  of 
activity  in  Canada  proper,  and  the  annual  pnxluction  of  gold 
is  not  considerable. 

SlLVKR. — The  rofka  which  immediately  surround  Thunder  Bay, 

>n   the    north  shore  of  Lake   Superior,  belong   to   the  so-called 

Lower"  and  "Upper  Copper-bearing  Series"  of  Canadian  geo- 

Tbe  relations  existing  between  these  two  groups  have 

been  satisfactorily  determined,  and   the  age  of  both  is  still  a 

latter  of  opinion. 

The  Upper  Copper-bearing  Series  consists  essentially  of  dolomitic 

mdstones,  reddish  limestones,  indurated  red  and  yellowish  marls, 

sandstones,  and  conglomerates  with  interstratified  traps.     They 

'^have   generally   been   regarded    as    corresponding    either   to   the 

Potsdam  Sandstone  or  to   some   of  the  lowest  members  of  the 

Lower  Silurian  formation,  but  Mr.  K  Bell,  of  the  Geological  Survey 

of  Canada,  some  years  since  put  forward  the  opinion  that  they  are 

really  of  Triassic  or  Permian  age.    This  view  of  the  question  is  not, 

[however,  generally  accepted. 

The  Lower  Copper-bearing  Series  is  well  exposed  on  the  north 
shore  of  Thunder  Bay.  and  extends  beyond  its  limits  as  far  west- 
ward as  the  mouth  of  Pigeon  River.  The  aeries  consists,  in  ascend- 
ing order,  of; — (1)  green  siliceous  conglomerates  containing  pebbles 
[of  quartz,  jasper,  and  slate;  (2)  grey  and  black  chert-bands 
rated  from  one  another  by  thin  courses  of  dark  grey  dolomite  ; 
I)  black  shales  and  flags  with  associated  hornblende  traps  ;  (4) 
f  grey  argillaceous  sandstones  and  shales.  No  organic  remains  have 
been  discovered  in  any  member  of  the  Lower  Copper-bearing  Series 
of  Thunder  Bay.  Its  entire  thickness  is  probably  about  1,500  feet, 
and  the  general  strike  of  the  rocks  varies  from,  approximately, 
east  and  west  to  about  north-east  and  south-west.  The  whole  series 
is  traversed  by  dykes  of  trap,  and  there  are  several  interstratified 
beds  of  that  rock. 

I  The  Lower  Copper-bearing  Series  is  penetrated  by  numerous 
mineral  veins,  of  which  the  majority  run  along  the  strike  of 
the  beds,  having  a  general  east-north-east  and  west-south-weat 
direction  ;  but  there  is  also  a  set  of  transverse  lodes  of  which  tho 
*  H.  AUeyiie  NichclsoD,  "  On  the  Geology  of  the  ThoneJer  Bny  and  Shsbendowan 
Itining  Diitricts,"  ^«wrt.  Jour.  Gtttl.  Hoe.,  yoI.  xxix.  1873,  p.  16, 
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direction  approaches  more  nearly  to  oorth  and  soath.  One  of 
the  most  important  of  the  seiit^  of  veius  which  follow  the  striigi 
of  the  stratified  rocks  and  have  a  general  east  and  west  direction^ 
13  the  Shuniah  Vein,  which  has  been  worked  upon  at  seretal 
lioints  along  its  course.  It  is  etkcloeed  in  the  Lower  Copper-' 
bearing  rocks  of  the  north  shore  of  Thunder  Bay,  ronning  neari» 
parallel  to  the  shore,  and  at  a  distance  inland  of  from  one  and 
a  half  to  two  miles.  At  the  Shuniah  Mine  itself,  the  vein  courses 
nearly  cast  and  west,  and  is  almost  vertical ;  its  width  is  about 
twenty-two  feet,  and  the  veinatcme  mainly  consists  of  calcite. 
Qtiartz  and  fluor  spar  are,  however,  occasionally  present,  and  iron 
pyrites  often  occurs  in  considerable  abundance.  Silver  is  present 
both  in  the  native  form  and  as  sulphides,  some  specimens  being  ex- 
tremely rich.  This  vein  is  enclosed  in  hard  black  shales,  but  a 
large  mass  of  homblendic  trap  lies  about  fifty  feet  to  the  south ; 
the  lode  does  not,  however,  exactly  conform  to  the  strike  of  the 
beds,  so  that  in  following  it  westward  a  point  is  reached  where  the 
trap  forms  the  foot  wall  of  the  vein.  Like  the  majority  of  the  lodes 
on  the  north  shore  of  Luke  Superior,  the  Shuniah  Vein  is  of  a 
brecciated  character  and  contains  numerous  fragments  of  the 
country  rock.  At  all  points,  where  it  has  been  opened  upon,  this 
vein  has  been  found  to  contain  silver  either  in  the  metallic  stat« 
or  in  the  form  of  argentite. 

Of  all  the  silver-bearing  lodes  worked  in  this  region  tbo 
most  imporiiint  is  perhaps  the  Silver  Islet  Vein,  situate*!  on 
a  small  rocky  island  immediately  south  of  Thunder  Cape, 
Silver  Islet  is  three-quarters  of  a  mile  from  the  mainland,  and 
is  much  exposed  to  storms  from  the  west,  south-west,  and  east. 
Tlie  island  measured  originally  about  ninety  feet  each  way,  and 
rose  only  eight  feet,  at  its  highest  part,  above  the  level  of 
Lake  Superior.  The  whole  of  the  rock  is  now  enclosed,  and. 
is  either  covered  by  works  and  buildings  connected  with  the 
mine  or  by  newly  made  ground.  The  course  of  the  vein  is  about 
N.  35°  W.,  and  its  dip  85°  towards  the  south-east.  Its  greatest 
width  is  on  the  north-western  side  of  the  islet,  where,  as  is 
seen  in  Fig.  93,  it  divides  into  two  branches,  one  of  which  crosses 
the  islet  while  the  other  keeps  on  the  western  side  of  it  under 
water.  The  southern  part  of  the  latter  branch  has  always  carrie*! 
the  richest  ore,  the  northern  branch  being  less  rich,  while  the 
whole  of  the  vein  to  the  westward  is  almcst  entirely  barren,  con- 
sisting mainly  of  large  mnpses  of  calc  spar,  with  a  little  quartz  and 
a  few  cubes  of  galena  containing  m^f;f^4S99Pfi  of  silver.     Particles 


I 
I 


fAHT  II.] 


CANADA. 


589 


of  silver  oro  are  frequently  fuund  in  small  feeders  in  the 
country  rock  between  the  two  braucUea  of  the  vein,  and  fragments 
of  the  same  rock,  associated  with  graphite,  are  often  enclosed  in 
the  veinstone. 

The  metalliferous  minerals  contained  in  the  veins  are  native 
silver,  silver  glance,  tetrahedrite,  domeykite,  galena,  and  blende,  with 
iron  and  copper  pyrites,  and  small  quantities  of  the  ores  of  cobalt 
and  nickel.  One  of  the  rocks  intersected  by  the  vein  is  a  diorite 
in  the  form  of  a  dyke,  which  differs  in  some  respects  from  the 
other  eruptive  rocks  of  the  district.  The  silver  vein  is  a  true  lo<le, 
cutting  through  the  horizontally  bedded  schists  as  well  as  the 
dyke  of  diorite,  which,  although  an  eruptive  rock,  has  not  in  any 
way  tilted  the  schists  on  edge.     The  deepest  workings  are  1,160 
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feet  below  the  surface,  and  the  longest  drift  on  the  course  of  the 
vein  is  1,250  feet  in  extent. 

The  fissure  in  which  this  vein  has  been  formed  is  also  a  line 
of  fault,  which  has  moved  the  rocks  as  shown  in  Fig.  'J4,  which 
indicates  roughly  the  positions  of  the  rocks  and  lode  below  the 
•'  5th  level"  The  most  productive  portion  of  the  vein  is  marked 
in  Fig.  03  by  cross-hatching,  and  it  is  worthy  of  notice  that 
the  rocks  intersected  by  the  diorite  are  not  highly  inchned 
crystalline  slates,  but  unaltered  and  almost  horizontal  flagstones  and 
shales.  From  the  date  of  its  first  di-scovery,  in  July  1 808,  to  the 
end  of  December  1882,  this  vein  had  yielded  silver  to  the  value  of 
three  and  a  <iuarter  million  dollars,  or  above  X650,000. 

The  Silver  Islet  Vein  Ikis,  on  one  occasion,  exhibited  a 
^jjhenomeuon  which  is  worthy  of  notice,  and  which  has  been 
^■escribed  by  Mr.  Frue,  who  was  local  superintendent  at  the  time 
^Hr  its  occurrence.     On  December  28th,  1875,  while  a  party  of 
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miners  were  engaged  in  drilling  a  hole  in  the  end  of  iLe 
at  the  "  8th  level,"  the  drill  broke  suddenly  into  a  crevice.  Water 
at  once  commenced  to  flow,  but  not  in  any  large  quantity,  anij. 
not  being  aware  that  it  was  accompanied  by  an  escape  of  gas, 
one  of  the  miners  took  a  candle  to  look  at  the  hole.  The  gss 
instantly  took  fire,  sending  out  a  flame  of  many  feet  in  length, 
the  miners  having  to  throw  themselves  on  the  bottom  of  tba 
level  to  escape  injury,  and  there  remain  until  the  flame  hod 
subsided.  Afler  having  somewhat  got  over  their  astouishmcot 
they  returned  to  the  drift,  and  when  still  at  a  distance  of  seveml 
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feet  from  the  onil  the  gas  again  ignited.     They  afterwaixla  wa 
into  the  level  without  a  light  and  stopped  the  hole  with  a  woodea 
plug.      On  subsequently  applying   a  lighted  candle  to   the  im- 
perfectly plugged  hole,  however,  the  gas  again  took  fire,  giving^ 
a  jet  of  flame  about  a  foot  in  length,  wliich  burned  for  sever 
weeks.* 

Native  silver  occurs  in  small  quantities  fn  several  other  localitie 
on   Lake   Superior,   as   at   St,    Ignace   Island,  Spar  Island,  andJ 
Michipicoten  Island;  the  copper  ores  of  the  Eastern  Townskij 
are    likewise    often    to    some    extent   argentiferous,  and   gale 
containing  silver    is    found    in   various   parts   of   Canada.      Nil 
lead  mines  have  hitherto  been  successfully  worked   in  Canada»| 
and  the   proportion  of  silver  present   in  the   ores  is  not  often 
large. 

»  ThomM  Macfarlanc,  "Silrtr  Islet,"  Tnau.  Amen  Irut.  ifininoSntri* 

Tiu.  1880,  p.  226.  -  * 
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Copper. — The  copper  ores  of  the  Quebec  group  of  Lower 
Canada  occur  chiefly  as  interstratificd  beds,  and  are  often  found  in 
the  limestones  of  thia  series.  These  limestones  are  generally 
magncsian,  and  are  frequently  associated  with  serpentines  and 
diorites,  both  of  which  occasionally  contain  copper.  These  rocks 
are  accompanied  by  slates  which  in  many  places  are  themselves  the 
oopper-beariag  strata  ;  but  they  are  sometimes  so  altered  as  to  take 
form  of  chloritic  or  micaceous  schists.  The  latter  are  in  some 
SB  soft,  with  a  pearly  lustre,  and  are  then  known  as  nacreous 
\tes.  At  other  times  these  rocks  are  highly  siliceous,  so  that  it 
>t  uufrcquently  happens  that  the  copper-bearing  bed  presents  the 
ppearance  of  a  micaceous  quartzitc.  Beds  of  talcose  slate  and 
eatite  likewise  occasionally  contain  copper,  which  is  also  some> 
les  found  in  the  red  and  green  argillites  of  the  series.  The 
lloritic  schist  occasionally  becomes  calcareous,  and  gradually  passes 
ito  an  impure  limestone.  The  metal  occurs  throughout  these 
fks  in  the  form  of  erubescite,  chalcocite,  and  copper  pyrites. 
Uachite,  azurite,  and  cuprite  are  met  with  in  small  quantities, 
it  only  near  the  surface. 

Native  copper,  so  abundant  in  the  rocks  on  the  southern  shore  of 

ike  Superior,  is  seldom  met  with  in  Eastern  Canada ;  it,  however, 

jmetimea  occurs  in  small  quantities  in  certain  red  slates.     At  St. 

lavien  it  is  fuund  associated  with  calcite  in  an  amygdaloidal  rock, 

ider  conditions  closely  resembling  those  which  obtain  in  more 

astern  regions.     In  many  patts  of  the  district  the  copper-bearing 

ids  are  traversed  by  veins  which,  in  some  cases,  do  not  contain 

ay  metalliferous  mineral.    Sometimes,  on  the  contrary,  they  carry 

rge  quantities  of  rich  ores,  and  molybdenite,  spathose  iron  ore, 

gold  have  also  been  fuund  in  these  veins.     They  are  seldom 

)ntinuous  for  any  considerable  distance,  and  the  most  persistent 

!>urce  of  copper  ores  in  this  region  has  been  the  metalliferous  beds, 

some  cases,  as  in  Sutton  and  Melbourne,  the  copper  ore  occurs  in 

srtaia  beds  of  dark-coloured  slates  in  a  state  of  such  fine  division 

to  be  only  visible  upon  close  inspection,  although  the  rock  may 

>ntain  from  5  to  10  percent,  of  copper.     In  the  magnesian  Ume- 

mes  a  schistose  structure  is  sometimes  observable,  and  the  copper 

re  is  occasionally  distributed  through  them  in  the  same  way  as  it 

in  the  slates.     They  are,  however,  more  frequently  massive,  and 

le  ore  often  occurs  in  nodules  or  as  grains  irregularly  disseminated 

iroughout  the  rock.     In  these  limestones,  as  well  as  in  the  more 

chistose  strata,  there  are  veins  in  which  the  ores  of  copper  are 

}nceutrated  in  a  ganguc  of  bitter  spar,  calcite,  or  quartz.     Some- 
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times,  as  at  the  Acton  Mine,  ores  of  copper  form  the  cement  of  a 
limestone  conglomerate. 

In  Leeds  the  copper-bearing  rocks  are  exposed  in  a  greater 
number  of  places,  and  have  been  more  carefully  examined,  than  io' 
any  other  Irx-ality.     The  explorations  at  the  Harvey  Hill  Mine  are 
the  most  extensive  which  have  been  made  in  the  Elastem  Town- 
ships, and   have  resulted  in  opening  out  some  very  intcrestio{ 
deposits.     The  copper  ores  of  this  locality  occur  both  in  \   '         i 
in  beds;  the  strata,  for  the  most  part,  consisting  of  fiii'   _■,        \ 
micaceous  schists,  which  from  their  unctuosity  are  frequently  called* 
tolcose,  although  they  are  not  usually  magnesian.    A  bed  of  ste^tiw 
forms,  however,  one  of  the  members  of  the  series,  and  bauds  of  • 
dark  kind  of  argillite  are  sometimes  met  with ;  while  other  bidx, 
either  white  or  light  grey  in  colour,  contain  nodules  of  chloritoid 
und,  less  fretiucntly,  crystiils  of  schorl.     The  dip  of  the  strata  ia 
from  N,  10°  to  65°  W.,  with  an  inclination  varying  from  15'  to  30", 
The  lodes  are  irregular  lenticular  veins,  which  do   not  coincitia 
with  the  strata  either  in  dip  or  in  direction.     They  generally  rua 
about  20°  E.  of  N.,  although  the  course  of  a  few  of  them  is  more 
nearly  east.     Their  dip,  at  varying  angles,  is  usually  towanl«  the 
wesU     Some  of  these  veins,  which  appear  to  have  filled  fissures  ia 
the  slates,  have  been  traced  on  the  surface  for  a  distance  of  100 
fathoms.     They  are  occasionally,  in  their  thickest  parts,  from  six  to 
seven  feet  in  width,  but  gradually  thin  out  both  horizontally  and 
in  depth.     These  veins,  of  which  the  gangue  is  principidly  quartz, 
more   or  less  mixed  with  calcite,  pearl  spar,  and  chlorite,  often, 
contain  very  rich  ores  of  copper,  some  of  them  yielding  erubcsci 
or  chalcocite,  or  both,  while   others  afford  copper  pyrites  only. 
Withiu  an  area  of  about  thirty  acres  open  cuttings  were  mad( 
upon  as  many  as  fifteen  distinct  lodes,  and  shafts  were  sunk  upoi 
two  others.     Notwithstanding   that   these  lodes    were  sometimes 
found  ejcceedingly  rich,  the  distribution  of  copper  in  them  was 
uncertain  that  they  were  regarded  as  secondary  in  importance 
the  interstratified  beds,  in  which  ores  of  copper  are  dissenunat 
in  the  slaty  rock.      The   first  of  these   beds,  three   in    num 
vaiies  in  thickness  from  two  to  six  feet,  and  was  found  on  sink! 
near  the  summit  of  the  hill  at  a  depth  of  fifteen  fathoms  below 
the  surface.     Beneath  this  are  some  fathoms  of  baixen  slates,  and_ 
then  a  thin  layer  of  cupriferous  rock  resting  upon  a  bed  of  steatii 
Another  ore  bed  was  subsequently  struck  at  a  stUl  greater  dep 
of  about  twenty  fathoms.     From  the  uppermost  bed  a  considerabl 
amount  of  ore  was  extracted  thi-ough  Kent's  Shaft,  at  about  twen 
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■thorns  from  the  surface.     The  second  bed,  that  lying  upon  the 
ipstone,  should  be  sLxty  fathoms  from  the  surface  at  this  point, 
lile  the  lowest  will  be  still  deeper  by  about  twenty  fathoms,  or 
II  have  a  depth  of  eiglity  fathoms  ft-om  the  surface  at  Kent's 
ift.     The  copper  ores  are  disseminated  through  these  slates  in 
masses,  often  of  a  lenticular  form,  running  parallel  to  the 
adding  of  the  r<.>cks. 

In  the  accompanying  section.  Fig.  95,  of  the  Harvey  Hill  Mine, 
b,  and  c  represent  the  three  cupriferous  beds,  d,  quartz  veins  or 
Todes,  and  e,  Kent's  Shaft  with  its  various  oross-cuts^ 

In  stopiug  to  the  west  of  Kent's  Sbaft  an  unusual  phenomenon 

ttracted  attention,  and  was  at  first  ascribed  to  the  presence  of  an 

Srdinary  bunch  of  ore.     This  is  described  by  Mr.  J.  Douglas,  jun., 

as  having  first  broken  through  the  floor  of  the  bed  and  appearing 

as  though  it  had  discharged  its  cupreous  solutions  into  the  lowest 

nyers  of  the  slates.     As  it  was  followed  in  stoping,  it  worked  its 


Fid.  95.— Horvc;  Um  ;  tniDiiTiiracs<s:tii>a. 


_ 

^^U' 


ay  up  through  the  slates,  and  assumed  the  features  of  a  lode  with 
well-defined  walls,  terminating  in  the  bed,  into  which  it  appeared 
to  have  poured  its  contents.  The  course  of  the  copper  ore,  bitter 
spar,  and  calc  spar,  as  they  penetrated  from  the  lode  among  the 
slates,  could  be  readily  traced,  and  Mr.  Doxiglaa  is  of  opinion  that 
the  bed  had  derived  its  metalliferous  constituents  from  the  veins. 
He  adds  that  subsequent  observations  tended  to  strengthen  this 
opinion.*  The  observations  of  Mr.  Douglas,  and  the  conclusions 
which  he  has  arrived,  are  of  great  interest,  and  are  worthy  of 
e  consideration  ;  but,  after  having,  on  two  occasions,  spent  several 
days  at  Harvey  Hill,  I  am  incUned  to  believe  that  the  various 
phenomena  described  may  be  equally  well  accounted  for  upon  the 
hypothesis  that  the  copper  ores  of  the  veins  were  derived  from  the 
stratified  beds. 

'  Oeol.  Snrvry  of  CnnmUx :  Jtcport  of  Progress,  p.  727,  Montreal,  1868. 

*  Junes  Douglas,  jun.,  "Notes  on  the  Copper  Dq>nfiiLs  at  Harvey  Hill,"  Trant, 

i.  Sot.  of  Qfubte,  1871. 
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Some  of  the  broken  groniid,  consistin 
quartz  ami  slatp,  carries  rich  bunches  of  o 
masses  art;  fimml  fhloritniil,  in<»Iybilonite,  t 
tlieir  anjilt's  nnimlt'il  off  a'<  thoutrli  they  li 
action  of  a  sitlvi'ut.  Specimens  of  enibost' 
Boiiii'tiincs  ihirkly  stu«lih><l  witli  such  crysl 
si'VtTal  inclics  in  len^rtli  and  al»ovo  an  incl 
anj^lcs  ahnost  ctTaoeil  anil  tlioir  f;ices  di 
tiniioiisly  worked  chirinjj  several  consccntiv 
and  cui»riffrous  beds  of  Harvey  Hill  entin 
nerativc  results,  and  as  a  consequence  tl 
hince  been  abandoned. 

At  the  Acton  Mine,  limestone  is  seen  di 
the  hill  south-east  of  the  workings  being  c 
bi'ds  ninkin.;  up  the  lower  portion  of  the  f 
bearing  Limestone  overlies  this,  and  occui 
masses  running  parallel  to  the  great  bo<l 
Imt  varying  fri>m  it  both  in  thickness  i 
upper  limestone;  at  this  mine  is  underlaii 
contain  more  or  less  copper  «>re,  and  are  al 
extent  interstratilied  with  the  limestone. 
beil>«  anil  musses  of  diorite  which  weathf 
colour,  in  tliut  respect  resendtling  many  o 
di-if  iii-1.  Si)iiie  of  the  m;>-5si-s  of  diorite  sei> 
I.')il  f.-  t  ill  lennili  by  .')<»  fee*  in  tliickrie>i 
smiie  r>'k  ;ire  ncc.isi.in.-dly  inlirstratitiei 
S'line  jiiirtjiMH  iif  (lie  dii)rite  m;is>es  i 
in,it<il,  thus  j,Mviii;,'  to  it  the  cliMraetiT 
iiupiirlitii,'  .1  ei'IIular  aspect  to  the  wc.ithei 
times  tin-  ci>|iper-pr<>ducini,'  rock  wuuM 
tfl'itiiiTite  containiii.,'  small  pebbles,  tiie  Imi 
till-  ilirei-tiun  dt"  the  becldin^f.  Dinritessiuiil.'i 
A"t  >ti,  :i)i  1  o.'cupyiiiL,'  the  same  strafiirnjih 
tile  ( 'iipp  r-li  viriii^  I.iiiiPstiiiies  at  I'pton 
NeNiiii,  ail  1  St.  Fl.ivioii,  auil  the  fa<'t  that 
Well  :H  at  Diiiiiiiiiiiiidvilli"',  they  contain  cnj 
rocks  coiisirjcrnltle  eronomi<*  inijiortanre. 

portions  of  a  I'lipiifi-rous  slate  are  sot 
with  the  b -ds  at  the  base  of  the  liniesto; 
uii  I'TlyiiiLT  dioriti'.  S.-veral  di<!oc;itioiis,  ; 
of  ;itiy  c  iiisiijerable  iiiai;nitiide,  oceiir  at  i 
tiles-'  app.-ar  to  foljuw  the  strike  of  the  bedi 
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to  pratnri*  ikUft 
or  to  intemipt  tiw  OK-baKri^g  beda^  IW  mdcrhpuif  Kw>w»ww> 
is  often  iotenacled  br  <|iisitc  v«uiSk  whidi  ooca&iootdly  coatjun 
spots  of  galena  or  oofipa-  pyiites.  The  woriEahls  coff^  ov& 
is  chiedy  found  in  the  ooogloiBenMe  dboTV  laeBtMMtd,  of  irbicb 
it  sometimes  constitutes  the  oecoeDt;  it  also  o<vnrs  in  portions 
of  the  limestotie  in  the  immediate  vicinity  of,  or  partly  sui^ 
rounding,  the  congkanwate.  Short  irregular  Teias.  containing 
calcit«  and  sulphides  of  copper,  sometimes  eoclosA  a  Made  grapbitto 
substance. 

The  most  important  masses  of  ore  occurred  in  the  ft^rm  of  thiv* 
lai^^  bodies,  extending  over  a  length  of  about  120  iathoms,  and 
may  have  originally  belonged  to  one  continuous  stratum  subse- 
quently divided  by  dislocations.  Of  tltese  masses  tlte  mo»t 
northerly,  which  began  with  a  depth  of  a  few  inches,  gradually 
extended  to  a  horizontal  distance  of  forty  fathoms  with  n  thickness 
of  forty-five  feet.  Upon  this  an  open  cutting  was  m.-ulo  to  a  depth 
of  twenty  feet,  at  which  point  the  limestone  had  l>oeoi«o  rt»iluc»"d 
to  a  thickness  of  only  four  feet.  In  the  north-cfti»torn  part  of  the 
open  working  referred  to,  a  shaft  was  sunk  upon  iho  dip  of  the 
limestone  to  a  depth  of  about  ninety  feet  fri>m  the  -surfice,  wh<"ro 
the  bed  was  twenty- four  feet  in  thickness,  hut  \>oot  in  copper.  At 
a  depth  of  sixty  feet  a  level  was  driven  about  thirty  feet  we.Htwniil, 
■where  the  limestone,  which  was  there  sixteen  feet  in  thickni'jy*,  wnn 
cut  off  by  the  overlying  shale.  The  on-s  from  thiR  and  from  the 
other  two  deposits  were  extracted  by  means  of  irregular  workings, 
but  in  the  aggregate  yielded  a  large  amount  of  rich  copjK»r  ores  of 
exceptionally  good  quality.  From  the  three  mixsses  at  the  Acti>u 
Mine,*  lfi.30ri  tons  of  12  per  cent,  ore  were  obtained  and  sent  to 
market;  but  in  the  year  1866  all  the  tivailahle  «lt'p<p8it.s  had  U'ctuno 
exhausted,  and  no  exploratory  work  for  the  <lisc(tv«Ty  of  otliers 
having  been  executed  the  mine  was  abandoned. 

The  distribution  of  copper  throughout  the  rock.s  of  the  QucIm-.- 
group  i.s  very  general,  and,  according  to  Sir  W.  K.  Logan,  wniiM 
appear  to  indicate  that  this  metal  was  almost  everywhere  prcwiit 
in  the  waters  from  which  these  strata  were  dejKif^itj'd.* 

The  copper-bearing  veins  which  traverse  the  Hiironinn  rock*  on 

>  Otol  .Surrey  of  CnAoda:  Itrport  of  Progrtft,  p.  800,  OtUwa,  lUM. 

>  lb\d.  18U8,  r   515. 
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•was  at  one  time  very  hirge.  The  total  quai 
from  this  mine,  from  the  date  of  its  commenct 
beginning  of  18G3,  was  about  9,400  tons  aven 
copper. 

To  the  north-west  of  the  Bruce  Mines 
Mines,  in  which  the  veins  closely  resemble 
of  which  they  are  probably  a  continuation.  T 
into  the  adjoining  property  known  as  Huron 
veins,  which  were  worked  for  many  years  \ 
appear  to  have  become  impoverished  in  d€ 
have  now  for  some  years  been  abandoned. 

The  Wallace  Mine  is  situated  on  the  sh 
about  a  mile  west  of  the  mouth  of  White  Fisl 
side  of  the  bay.  The  strata  here  consist  of  qi 
slates  dipping  northward  at  a  high  angle,  and 
of  greenstone  running  with  the  strike  of  the 
bunches  of  copper  pyrites  occur  in  this  locality 
with  the  schists  and  disseminated  in  the  greei 
of  a  mile  and  a  half  further  east,  and  near  ( 
two  large  veins  containing  iron  pyrites  with  a 
said  to  occur. 

On  the  north  side  of  the  island  of  Michij 
two  to  three  hundred  feet  in  height  in  whic 
marked  by  druses  containing  analcime  and  q 
daloidal  bed  containing  native  copper  is  trac 
along  the  shore,  sometimes  beneath  the  surf 
the  bays,  and  at  others  runuiny  a  short  disti 
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irtis  suiik  to  a  dtipth  of  abuut  twelve  fathoms,  but  after  a  consider- 
fcble  outlay  tLe  workings  were  ultimately  abandoned.     Very  little 
known  relative  to  the  mode  of  occurrence  of  this  singular  deposit, 
rhieh  is  said  to  be  associated  with  oalcite. 

Iron. — The  iron  ores  of  Canada  possessing  economic  importance 
re  magnetite,  red  lisjmatite  and  limonite.     Spathose  iron  ore  has 
it  been  observed  to  occur  in  any  considerable  quantities.     The 
lost  abundant  iron  ore  of  the  province  is  probably  magnetite, 
rhich   is  found  only  in  crystalline  and  metamorphic  rocks.     It 
Ecurs  in  the  Laurentian  scries,  and   in  the  rucks  of  the  eastern 
?alaeozoic  basin.     A  description  of  the  principal  deposits  of  this 
re  would  occupy  much  more  space  than  can  be  devoted  to  the 
'subject,  and,  consequently,  a  few  only  of  the  more  remarkable  will 
be  mentioned. 

At  Grenville  a  bed  of  iron  ore,  from  six  to  eight  yards  across, 
occurs  in  a  gneiss  which  is  interstratified  with  numerous  bands  of 
quartzite.  It  has  been  traced  for  a  distance  of  about  350  yards  on 
its  strike,  the  accompanying  beds  being  cut  oflF  at  either  end  by  a 
mass  of  intrusive  syenite.  A  large  dejwsit  of  magnetic  iron  ore 
likewise  occurs  in  the  township  of  Hull,  and  is  said  to  have  been 
again  met  with  at  a  distance  of  about  a  mile  on  the  other  side  of  the 
hill.  The  ore  is  found  in  syenitic  gneiss  interstratificd  with  a  white 
crystalline  limestone  containing  mica  and  graphite,  and  furms  a  bed 
about  ninety  feet  in  thickness.  This  appears  to  have  been  brought 
to  the  surface  on  the  crown  of  an  anticlinal  curve,  through  which 
aijpeans  an  underlyltig  bed  of  crysUilline  limestone.  The  ore  is 
coarsely  granular  and  very  pure,  but  is  in  some  places  associated 
with  scales  of  graphite.  In  the  year  1S5-1'  this  deposit  was  opened, 
and  was  worked  for  about  four  years  for  the  purpose  of  supplying 
certain  furnaces  at  Pittsburg,  Pennsylvania ;  but  in  1858  the 
workings  were  suspended  on  account  of  the  discovery  of  the 
Newborough  Mine,  which  is  more  conveniently  situated  for  the 
transport  of  ores. 

An  important  deposit  of  magnetic  iron  ore  occurs  on  an  island 
in  Mud  Lake,  on  the  Rideau  Canal,  near  Newborough.  It  forms 
a  bed  2011'  feet  in  thickness,  running  north-east  and  south-west 
in  gneiss  a<ljoining  a  crystalline  limestone, 

At  South  Sherbrooke  a  bed  twelve  feet  thick  of  magnetic  iron 
occurs  in  gneiss,  and  in  the  vicinity  of  Madoc  there  is  another 
from  which  ore  was  fttrmerly  brouglit  to  that  \Tillage,  where  it 
was  smelted  in  a  blast  furnace  and  yielded  iron  of  excellent  quality. 
This  bed  appears  to  be  enclosed  in  a  soft  black  micaceous  rock,  and 


598 


ORE  DEPOSITS. 


to  follow  a  course  somewhat  south  of  east.     Tuc 

of  this  deposit  ia  thirty  feet,  but  it  would  probably  average  aboat  V 

twenty  feet. 

The  magnetite  formerly  smelted  at  Marmora  was  obtained  fhim 
Belmont,  and  the  deposit,  which  is  generally  known  as  the  Big  Ort 
Bed,  is  commonly  said  to  be  IQO  feet  in  thicknesa.  It  ijt  not,  | 
however,  a  single  bed,  but  a  succession  of  beds  of  ore  interstralified  ' 
with  layers  of  talcose  schist  and  crystalline  limestone,  with  nhidj  _ 
are  associated  serpentine,  chlorite,  diallage,  and  a  greenish  epidotic  fl 
rock.  T 

Red  hsematite  not  unfrequently  replaces  magnetite  in  rocks  of 
the  Laurentian  series,  and  an  important  deposit  of  this  ore  occurs 
in  the  township  of  McNab.  The  bed  of  ore,  which  is  thirty  feet 
thick,  rests  ujk>u  crystalline  Laurentian  limestone,  and  is  overlain 
by  a  magnesiau  limestone  of  Lower  Silurian  age.  To  the  west- 
ward this  bed  has  been  traced  for  a  distance  of  about  a  hundred 
yards,  but  in  the  opposite  direction  it  is  concealed  by  a  marsh.  The 
ore  is  usually  compact  and  has  a  puqile  tint,  but  occasionally  it 
exhibits  a  finely  crystalline  sti'ucture.  Its  yield  of  metallic  iron  is 
usually  about  59  per  cent, 

The  red  hamatite  ores  of  the  altered  strata  belonging  to  the 
Quebec  group,  are  generally  composed  of  small  crystalline  scalej  of 
the  micaceous  variety  of  the  red  oxide  of  iron  associated  with  graim 
of  quartz,  and  occasionally  with  chlorite.   These  foreign  minerals  are 
present  in  very  variable  proportions,  so  that  the  schists  are  some- 
times a  rich  iron  ore,  while  at  othei-s  they  are  so  poor  as  to  posseea 
no  commercial  value.     Several  exposures  of  these  iron  slates  occur 
in  the  township  of  Sutton,  and  the  same  ferruginous  rocks  are 
again  met  with  in  the  adjoining  township  of  Brome.     A  bed 
iron  slate,  two  feet  in  thickness,  is  said  to  occur  in  chloritic  sc! 
in   Inverness,   and   it  is   probable  that  these  ores  wljich  are 
abundant  in  the  townships  of  Brome  and  Sutton  will  be  found  in 
many  intermediate   localities.     These   slaty   iron  ores,   althoagfa 
generally  less  rich  than  those  of  the  Laiireutian  series,  are  frej 
quently   sufficiently   so    to    admit  of    their   being   smelted   witi 
advantage.  j 

The  more  solid  vai'ieties  of  limonite  have  not  hitherto  beta 
met  with  in  Canada,  but  bog  iron  ore  of  recent  formation  is  foun 
near  the  surface  of  the  soil,  and  is  widely  diffused  throughout  tbl 
country.  On  the  shore  of  Lake  Erie  this  ore  is  found  in  varioJ 
localities,  espiecially  in  the  townships  of  Charlotteville,  Middletoi 
and  Windham.     In  the  seigniory  of  Vaudreuil,  at  Cote  St.  Charlei 


are 


"    u 

p 

K 


llhere  U  a  deposit  of  bog  iroo  of«  wludi  h»B  bees  tneod  «rer  Ml 
Fkrea  of  about  tlirce  mrea,  and  vfakb  |tofaali^  exltait  Mudk 
uurther.  This  bed  of  ore  raries  frotu  foor  to  c^gbt  fiseC  in  ibiek* 
tfeaa.  Bo^  iron  ore  is  also  loaiid  a»  Cfids  8l  LovtiSi  »l  COto  Sir 
wuillaume  io  the  adjuining  ae%iikHT  of  Rigawd.  aad  ia  iwiomviua 
Ptber  localities.  In  the  Eastern  Tu«nshi|«  bog  ore  oocvirs  in 
■nddeiablc  abundance  in  Staafarii^e,  aad  ia  ako  met  witb  ia 
^^ft  adjoiuiDg  totrn:s]jip  of  Fankham.  Tbe  ore  ficom  StaabHd^ 
^^m  formerly  mined  and  carried  to  Albui^  in  VeRaont,  vbcra  it 
WnSs  smelted.  This  ore  occurs  in  tbe  seigniorr  of  St.  Vallitf,  and 
■8  found  in  abundance  on  Gn^n  Isbinii  The  St.  Maurk«  fotges» 
Bn  the  vicinity  of  Three  Rirer»,  vej«  lor  bhm«  than  a  centoty 
Bupplied  with  bug  ore  collected  in  that  vicinitT.  and  beiveea  tbe 
Bt.  Maurict.'  and  Batiscan  Rivers  some  imjiortant  deposits  of  this 
Bre  have  been  wet  with.  In  the  vicinitr  of  tbe  villaj^  of  Indtistry 
Ithcre  are  extensive  deposits  of  bug  ores»  as  well  as  at  Batiscan  in 
■be  8eii;uiory  of  Cap  de  la  Madeleine. 

I  Although  never  directly  employed  as  an  iiv>n  ore,  iiun  pyrites 
Ks  made  use  of  as  a  source  of  sulphur,  and  is  consequently  a 
puineral  of  much  importance  in  the  manufacture  of  sulphuric 
Bcid.  Iron  pyrites  occurs  in  large  quantiti^  in  various  parts  of 
BDanada,  and  is  sometimes  associated  with  small  quantities  of 
K'ellow  copper  ore.  A  large  defK'sit  of  pyritfs  occurring  at 
lElizabethtown,  near  Brockville,  appeai-s  to  be  an  intLrstratiAed 
jiuass,  and  has,  in  some  places,  a  thickness  exceeding  thirty  fecU 
lln  addition  to  copper  this  mineral  contains  traces  of  cobalt.  An 
jiiaportant  bed  of  cupriferous  iron  pyrites  occurs  at  Garthby,  and 
lanother  at  Ast-ot. 

I  Nova  Scotia. 

P       Gold. — Falaiozoic  rocks  extend  along  the  whole  of  the  Atlantic 
seabord  of  Nova  Scotia  from  Seateric  to  Cape  Sable,  while  tlie  planus 
of  strati tication,  which  have  a  general  east  and  west  course,  are 
enerally  parallel  with  the  ci»ast  line  and  with  the  various  axes  of 
uplieaval.     The  leads,  or  veins,   of  auriferous  quartz,  with  com- 
paratively few  exceptions,  conform  with  the  strike  of  the  slates  and 
quartzites,   following   every  plieatiun   of    the   strata   and   giving 
ise  to  an  idea,  formerly  entertained  by  certain  geologists,  tliat  they 
ere  contemporaneous  beds  and   not  subsequently-formed  veins. 
The  quartz  veins  are,  however,   by   no  means  confined   to  the 
districts  in  which  gold  has  been  found  in  paying  quautilieE,  but 
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have  proved  to  be  auriferous 
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of  the  axes  of  anticlinal  folds.     Un  the  top  of  Laidlaw's  Hill,  in  the 
Waverler  district,  the  lead  lies  so  flat  that  it  is  worked  long  wall. 
the  gold  being  found  chiefly  where  the  quiirtz  has  been  cnimpled 
(ogetlier  by  the  folding  of  the  strata  so  as  to  form  the  rolls  localiyJ 
kBOwn  as  hamU.     These  corrugations,  which  have  been  followedf 
down  on  both  the  northern  and  southern  dips  of  the  vein,  on  lh«] 
crest  follow  the  direction  of  the  axis  of  the  anticlinal,  while  the 
plication  of  the  quartz  is  marked  in  the  overlying  stratum  by  very 
moderate  undulations  only. 

The  exact  horizon  of  the  auriferous  rocks  of  Nova  Scotia  lus ) 
yet  to  be  determined,  but  it  has  been  suggested  by  those  vhoj 
regard  the  leads  as  being  bedded  deposits  that  only  the  lowest 
rocks  of  the  series  contain  gold  leads,  and  that  these  have  been 
brought  to  the  surface  by  anticlinal  folds.  Mr.  Poole  is,  however, 
of  opinion  that  the  lithological  characteristics  of  the  seven] 
districts  point  to  the  existence  of  three  distinct  groups  enclosing 
auriferous  leads,  neimely : — 1.  The  lowest  composed  of  much  de- 
composed and  contorted  slates  and  grits  cleaving  trans\'ersely  to  i 
the  planes  of  bedding.  2.  The  middle  compact  beds,  in  which 
quartzit€'  predominates,  and  of  which  the  cleavage  usually  conforms 
to  the  planes  of  deposition :  numerous  quartz  leads,  some  of  which 
are  appreciably  auriferous,  are  intercalated  with  the  rocks  of  thii 
group  in  the  neIghboiuhoo<l  of  anticlinals.  3.  The  upper  group, 
in  the  extreme  western  section  of  the  province,  consists  of  fiaale 
slates  of  an  olive-green  colour  associated  with  micaceous  sand-j 
stones,  and  with  at  least  one  bed  containing  graphite.* 

In  some  of  the  strata  chlorite  b  abundant,  but  in  the  principal^ 
gold  districts  this  mineral  is  by  no  means  of  frequent  occurrence 
Mr.  Selwyn,  Director  of  the  Geological  Survey  of  Canaila,  stat< 
that  some  of  these  sandstones  contain  pebbles  of  grey  quartzite,  and 
is  inclined  to  believe  that  they  will  he  found  to  occupy  the  positioi 
of  some  division  of  the  Quebec  group.  Mr.  Poole  calls  attention 
the  fact  that  there  can  be  no  doubt  with  regard  to  the  relative 
of  the  gold-bearing  veins  associated  \vith  rocks  belonging  to  thi 
section,  since  at  Gegoggan  and  Cranberry  Head  there  are  veit 
which,  when  exposed  at  low  water,  are  seen  to  course  across  the" 
strata  and  occasionally  swell  out  into  masses  of  from  six  to  eight 
feet  in  width :  these,  within  a  few  feet,  contract  to  so  many  inched 
and  again  expand  and  contract.     Similar  veins  have  been  found 

'  Honry  S.  Poole,  "  Tlie  GoM  I-cnds  nf  Kov.i  Scotiii,*'  Quart.  Jour.  OwL 
vol.  xxxvi.  1880,  p.  307.  _ 
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>ntain  gold,  and  in  some  instanoes  Uioj  have  yielded  as  mudi  as 
ounce  of  gold  per  ton  of  qoarU. 

In  Nova  Scotia  niiuing  operatioos  hare  not  been  czdoaTaly 
ifined  to  the  upparently  "  bedded  leads^"  as  ric^  quarts  has  be«n 
Obtained  both  from  "  crosa-leads  "  and  the  ao-called  "  angling  lenck** 
igling  leads  are  true  veins,  altbougb  generally  reiy  small ;  ihtj 
tve  usually  an  east  and  west  coune,  and  crass  the  stiata  at  small 
In  depth  they  gradually  steal  across  the  beds  of  slate^  bat 


les. 


meeting  with  qutirtzite  break  directly  through  it  to  tbe  aext 

turn  of  slate  and  continue  to  do  so  in  deptiv     In  nearly  all 

angling    leads  are   found   most   productive   where   passing 

ingh  quartzite.     True  cross-leads  are  of  later  age  than   the 

terstratified  beds,  and  are  almost  always  barren  ;  but  in  addition 

the^e  there  are  bands  of  quarts  connecting  parallel  leads,  as  well 

otfslioots,  which  are  often  called  cxt)8»Jeads,  and  these  are  some- 

trnes  auriferous.     The  paying  leads  are  generally  small,  one  eight 

ches  in  width  being  regarded  as  of  good  size ;    thicker   ones 

,  however,  sometimes  worked. 

In  mining  the  regular  bedded  leads,  phenomena  characteristic 
f  metalliCerous  veins  are  fiequeutly  obser\ed.  The  workings 
n  the  Union  Lead  at  Waverley,  a  lead  which  has  been  frequently 
eferred  to  as  affording  evidence  of  the  bedded  origin  of  these 
veins,  have  shown  tliat  although  the  quartz  ceases  at  a  certain 
point  the  vein  fissure  nevertheless  continues  its  regular  course. 
In  one  of  the  slopes  at  the  same  place  the  quartz  formed  a  roll 
eight  feet  in  width,  and  threw  off  numerous  branches  into  tlie  foot 
wall.  Another  characteristic,  which  may  be  regarded  as  affording 
evidence  of  the  vein-like  origin  of  these  beds,  is,  that  they  some- 
times taper  out  and  are  continued  by  splices  starting  on  one  side 
or  the  other  in  the  wall  rock.  The  most  unmistakable  evidence 
of  their  vein-like  origin  is,  however,  afforded  by  the  occasional 
presence  of  horses  of  the  rock  forming  their  hanging  wall.  An 
example  of  this  occurred  in  the  Barton  Lead  at  Tangier,  where 
a  flake  of  slate  ten  feet  in  length  was  found  embedded  in  the 
\  middle  of  the  quartz.  This  flake  had  rough  edges,  and  had 
I^P  evidently  become  detached  from  a  depression  in  the  hanging  wall, 
its  course  from  which  was  distinctly  marked  by  a  series  of  slaty 
I  fragments  embedded  in  the  quartz  at  each  end.  Fragments  of 
|H  slate  are  often  found  in  these  leads,  and  in  some  places  laminsB 
1  of  slate  impart  to  tlicm  a  ribbon-like  structure,  suggesting  a 
scries  of  openings  of  the  vein  fissure  and  successive  deposits  of 
quartz. 
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A  Carboniferous   cooglumerate  is,  in    a  small    way,  work 
at  Gray's  River  for  the  gold  which  is  mixed  with  the  lower 
tioQS  of  tlie  bed  and   in  the  runs  or  hollows  in  tlie  shite;  thi 
bed-rock  is  alao  sometimes  removed  to  a  depth  of  from  ihrte 
four  feet  for  the  gold  contained  in  the  backs  or  crevices  betwe«8 
the  planes  of  cleavage. 

Although  of  considerable  interest  to  the  geologist,  the  go. 
mines  of  Nova  Scotia  are  not  commercially  of  great  importance. 
Of  late  years  the  annual  yield  has  only  amounted  to  about  14,000 
oz.,  while  the  largest  produce  of  any  one  year  was  27,000  oz. 

Irox. — Although  iron  ores  occur  in  various  paits  of  Non 
Scotia,  tlie  moat  important  deposits  hitherto  discovered  in  that  pro- 
vince are  those  belonging  to  the  "  Acadia  Charcoal  Iron  Compny" 
at  Londonderry,  in  the  county  of  Colchester.  The  rocks,  which 
are  often  well  exposed  in  the  valleys  of  the  district,  consist  of  grey, 
blue,  and  olive-green  slaty  shales,  alternating  with  bauds  of  quartate 
and  brown  felspathic  sandstones.  The  general  course  of  the 
principal  vein  is  about  W.  10°  N. ;  it  has  a  soutJieriy  dip  of  abuut 
80°,  and  its  strike  closely  coincides  with  that  of  the  metamorpliic 
slaty  shales  and  sandstones  of  Upper  Silurian  age  constituting 
tlie  country  rock. 

The  vein  is  well  seen  in  the  bed  of  the  Great  Village  River,  u 
well  as  in  excavations  in  its  western  bank,  which  rises  abruptly  lo. 
the  height  of  325  feet  above  its  level.     In  the  bottom  of  tbi 
stream  the  vein  presents  the  appearance  of  a  complicated  netwo 
of  fissures  penetrating  the  quartz  and  slate,  and  aiijnu-ently  fill 
with  finely  crystalline  ankerite.     In  ascending  at  this  j>uiut  t 
vein  increases  considerably  in  width,  as  well  as  in  the  pro{)orti 
of  iron  ore  which   it  contains.     At   one  j>lace  where  it  was 
through  its  width  was  found  to  be  not  less  thun  120  feet.     Il 
however,  presents  the  aspect  of  a  wide  but  very  irregular  vei 
including  large   angular  fragments  of  quartzite  and  of  a  grti 
slate  with   glistening   surfaces.     These  fragments  are   es|}eciall 
large  and  abundant  towards  the  central  portion  of  the  vein,  whe 
they  foim  a  sort  of  irregular  rocky  partition.     The  niinerab  co; 
tained   in   the   vein   are   chalybite,   ankerite,    magnetite,  bro 
hsBmatite,  and  red  and  yellow  ochreous  iron  ores.    A  small  quanti 
of  hea\7  spar  sometimes  occurs  in  the  form  of  minute  crysi 
lining   fissures,  and   as   compact  veins   traversing  the   ankeri 
The  whole  aspect  of  the  deposit  as  it  appears  in  the  excavatii 
in  the  river  bank  is  extremely  irregular  and  complicated,  whicl 
arises,  not  merely  from  the  broken  «  haracter  of  its  walls,  but  a! 
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from  the  uumber  of  included  fragments  of  country  rock,  and 
from  the  confused  intermixture  of  the  other  materials  of  which 
the  di'iitisit  is  composed.  On  the  east  side  of  Great  Village 
River  the  ground  does  not  rise  so  rapidly  as  on  the  western 
bank,  and  the  vein  is  not  so  well  expusi^d,  although  indications 
of  it  can  be  traced  as  hir  as  the  eastern  bnmch  of  the  stream. 
On  the  elevated  ground  west  of  the  Folly  lliver  the  vein  is 
again  largely  developed,  and  an  excavation  near  that  stream 
shows  a  thickness  of  190  feet  of  rock  on  the  south  side  of 
it.  This  consists  of  grey  quartzitc,  with  about  three  feet  of 
black  slate,  the  beds  of  wliich  arc  traversed  by  small  strings  of 
ankerite,  which  increase  in  dimensions  as  they  ajiproaeh  the  wall 
of  the  vein. 

About  seventeen  feet  of  the  vein  consist  principally  of  ankerite, 
while  on  the  north  ten  feet  of  red  ore  are  sten,  without  reaching 
the  wall.  The  most  extensive  workings  are  ujxjn  the  western 
section  of  the  property,  and  from  this  part  of  the  deposit  nearly 
the  whole  of  the  supply  of  ore  during  recent  years  lias  been 
obtained.  The  priucip.il  excavations,  however,  and  those  from 
which  the  greater  part  of  the  ore  has  been  raised,  are  confined 
to  a  length  of  about  700  feet,  where  no  less  than  six  levels  have 
been  driven  into  the  hill  at  different  depths.  Referring  to  this 
deposit,  Mr.  Selwyn  remarks  that,  although  there  are  no  good 
reasons  for  supposing  that  at  a  lower  depth  than  has  been  yet 
reached  the  vein  will  be  found  of  greater  width  than  it  is  at  present, 
there  is,  on  the  other  hand,  no  reason  to  apprehend  a  falling  off 
in  this  respect.  Mr.  Selwyn  was  unable  to  verify  by  j>ersoual 
examination  many  of  the  statements  respecting  the  appearance 
and  dimensions  of  the  vein  where  it  had  been  exposed  in  old 
excavations.  He  was,  however,  of  opinion  that  the  evidence 
he  was  able  to  collect,  and  the  facts  be  was  able  to  determine, 
were  of  such  a  character  as  fully  to  warrant  the  conclusion  that 
no  apprehension  need  be  entertained  of  any  failure  of  the  supply 
for  many  years  to  come.* 

The  principal  returns  from  Nova  Scotia  for  the  year  1882  were 
as  follows: — gold,  14,107  oz. ;  iron  ore.  42,135  tons;  maoganese 
ore,  205  tons. 


'  Geol.  Survey  of  Canada:  Report  of  Progrev,  1872-3,  p.  2(J, 
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■  British  Columbia.  ^H 

For  our  knowledge  of  the  geology  of  the  gold-fields  of  BrituU 
Cohinibia  we  aro  mainly  indebted  to  Dr.  G.  M.  Dawson,  of  tiiu 
Geological  Survey  of  Canada,  whose  able  papers  on  this  subject' 
have   from   time   to   time    appeared   in   successive    "Reports  of 
Progress." ' 

The  very  general  distribution  of  alluvial  gold  over  this  portion  I 
of  British  North  America  may  perhaps  indicate  that  its  rocks  of 
various  ages  are  more  or  less  auriferous.    The  most  important  gold 
formation,  however,  consists  of  a  scries  of  talcose  and  chloritici 
schists,    blackish   or  greenish-grey   in    colour,   which    sometimes ' 
become    micaceous,   and    which   usually   more   distinctly  exhibit 
evidences  of  metamorphism  than  do  the  gold-beaiing  schists  of] 
California.    Their  precise  geological  horizon  is  as  yet  undetermiued, 
although  it  is  not  improbable  that  they  may  eventually  be  fouml 
to  be  the  geological  equivalents  of  some  of  the  most  productive 
gold-bearing  rocks  of  California.     The  most   extensive  areas  o{  I 
these  rocks  are  found  in  connection  with  the  disturbed  n^ons  | 
west  of  the  R4^icky  Mountains,   known  in  various  parts  of  their  j 
extent  as  the  Purcell,  Selkirk,  Columbia,  Cariboo,  and  Omineci 
Ranges.     Belts  of  auriferous   rocks   of  con-siderable   extent,  andj 
p(v>bably  belonging  to  the  same  age,  however,  occur  beyond  xhia] 
region,  MS  in  the  vicinity  of  Anderson  River  and  Boston  Bar,  od 
the  Fras«r;  as  well  as  at  Leech   River,  Vancouver  Island,  andj 
elsewhere. 

The  Cariboo  district,  which  was  discovered  in  I860,  Las  beeaj 
the  n»ost  prodtictivo  and  pcnnanent  gold-field  of  British  Columbia 
It  has  been  describcnl  as  a  mountainous  region,  but  is  rather 
be  wgarvled  as  the  remn.ont  of  a  great  plateau,  with  an  average  ele 
vation  of  above  5.000  feet,  dissected  by  innumerable  streams  whick 
flow  from  it  in  all  directions,  and  which  join  either  the  Fr 
River  or  one  or  other  of  its  branches.     The  fifty-thirri  parallel 
north  latitude  passes  nearly  through  the  centre  of  the  gold-field 
wher«  stnMvms  foiling  rapidly  over  rocky  beds  descend  into  deei 
and  prty-ipitous  valleys.     With  a  lessening  slojje  the  rock  becomes 
concealed    by    deposits   of  gravel,   which   gradually   increase  in 
thickness  and    extent  until    the   valleys   become  flat-bottomed 

•  '■  Roporton  \,CT^•h  Rivir."  (7f<,l.  Survvv  (if  Canada  :  Reporl  of  Proijrtts,  I876-r7,^| 
K  »5  ;  "  <>(>ner*l  Note  on  the  Wines  »nd  Minemla  of  Kcoiiomic  Value  of  Britiah^' 
ColumbU  "  ihiJ.  p.  lOS ;  "  Yi.e\M,n  on  Explomtion  iu  Southern  Portion  of  British 
Oalnmhu."  ibid.  1877  78,  p.  153  ■-  ftv.  , 
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^th  occasional  swampy  glades,  throiigli   wliud  tliu  stream  (lows 

Jtuously  with   a   sluggish    cuireut.      Lightning   and    Williams' 

■©eks  have  yielded  the  larger  portion  of  the  gold  of  Cariboo. 

'ath    localities     are    not    only    rich,    but    are    also     speciully 

^lapted    for    deep    workings   from    having    a    hard    deposit    of 

bulder  clay  extending  beneath  the  beds  of  the  present  water- 

jurses,   which,   to    a   large   extent,  prevents   the   infiltration  of 

irface   water   into   the  workings   beneath,     By  regular  raining 

^tions  the  rocky  bottom  of  the  valley  is  sometimes  followed 

low  150   feet  of  overlying  clay  and  gravel,  the  course  of  the 

icient   stream    boiug   easily   traced    by   the    ]>olished    rocks   of 

ts  bed  as  well  as  by  the  gravel  and  boulders  rtlling  its  channel. 

riie  richest  lead  is  usually  found  in  the  hollow  of  the  ancient 

channel,  although,  by  following  the  rock-surface  laterally,  paying 

)und  is  often  met  with  for  some  distance  ou  either  side.    The  old 

ims  of  Cariboo  are  found  to  have  followed  very  nearly  the  same 

Jtious   as    their   modern    representatives,   often   crossing   the 

leys  in  various  bends  from  side  to  side,  but  never  leaving  them 

running  across  the  modern  drainage  system  as  is  frequently 

le  case  in  the  deep  placers  of  California  and   Australia,     On 

'illiams'  Creek,  on  which  are  situated  the  townships  of  Barker- 

fiile  and   Richfield,    the   principal    workings  are   confined   to   a 

ce  of  about  two  and  a  half  miles  in  length.     In  this  ground  not 

ily  the  deep  channel  has  been  worked,  but  also  as  much  nf  the 

Kde  ground  as  was  at  the  time  found  remunerative.     Many  of  the 

fcieral  creeks  and  gullies  paid  remarkably  well,  and  in  some  places 

le  hill  sides,  to  a  height  of  above  100  feet,  have  been  sufficiently 

ich  to  make  satisfactory  returns  by  the  hydraulic  method  of  mining, 

rhich  has  been  extensively  introduced  into  British  Columbia. 

Although  the  production  of  Williams'  Creek  hfis  always  been 

luch  less  considerable  than  that  of  Lightning  Creek,  BarkcrviUe 

Nevertheless  possesses  a  certain  local  importance  as  the  centre  of 

number  of  outlying  mining  districts.    The  mines  in  the  gold- 

ields  of  Kootenay,  Omineca,  and  Cassiar,  situated  on  the  same 

belt  of  auriferous  rocks,  resemble,  in  their  main  features,  those  of 

Cariboo.     The   greater   portion    of    the    Gold   Range,  especially 

towards   the   north,   is   very  heavily  timbered,   and   is  often  so 

covered  with   moss,  peat,  swamp,  and  tangled  vegetation  as  to 

render  prospecting  difficult,  and    the  discovery  of  rich   spots  a 

matter  requiring  much  time  and  labour.     Dr.  Dawson,  however, 

vemarks  that  the  recognise<l  areas  of  the  gold-fields  will  be  very 

Bn\ich  extended  as  soon  as  altered  conditions  shall  have  renderetl 
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less  prodnctive  deposits  remunerative,  when  many  of  tlvcce 
which  have  now  ceased  to  attract  attention  wilj  again  sjiring 
into  importance. 

In  the  southern  portions  of  British  Columbia  gold  has 
very  rarely  found  in  sUn,  but  it  occurs  in  remunerative  quantiti 
in  placer  deposits  in  various  localities.     These  generally  either 
npon,  or  in  the  immediate  vicinity  of,  certain  black  slaty  toeW 
traversed  by  quartz  veins,  from  the  disintegration  of  which  the 
alluvial  gold  appears  to  have  been  derived.     Similar  rocks,  amli^- 
tinguishable  in  lithohgical   character  from  those  of  the  tyjncal 
region,  may,  it  is  true,  occur  on  other  geological  horizons  in  the 
district,  but  no  clear  e>-idence  of  this  has  yet   been   obtained 
The  rocks  are  generally  black  or  very  dark,  slaty,  or  schistow; 
often  more  or  less  calcareous,  and  not  unfrequently  mjcaceoot 
or    graphitic  ;     more     rarely    chiastolitic.       Dr.     Dawsou    is   nf, 
opinion  that  it  is  probably  to  the  presence  of  a  email  quantity 
of    organic  matter   in   the   eediments   from    which    these   rocki 
have    been    made,    that    their    metalliferous    character    is    d«e, 
Tlieir   fissile    structure   has   subsequently   rendered   them  easily 
permeable   by  waters,  which  have  concentrated  the    minenUs 
economic  value,  with   quartz   and    other  crystalline  materials  of, 
secondary  origin,  in  the  veins.     The  rocks,  in  their  more  typcal 
localities,  appear  to  be  between  those  of  the  Cache  Creek  group 
(CarboniferoTis)  and  the  Upper  Mesozoic  rocks  similar  in  age  to 
the  SLasta  group  of  California,     They  ."^em  to  rest  conforraablv 
on  the  former  series,  and  even  to  blend  with  it,  while  the  latter 
is  built  up  upon  their  upturned  odgos.     They  differ  in  appearance 
frum   the  recognised  Jurassic  ro<'ks  of  the  Iltasyouco,  and  have 
yielded  no  fossils  with  the  exception  of  some  obscure  impressions. 
WTiile  a  portion  of  these  rocks  may  represent  Jurasjsic  beds  differing 
from  those  of  the  Iltasyouco  region   by  reason  of  the  want 
volcanic   materials,  part  at   least   would   seem    to   represent  ihi 
Triassic  period,  or  even  to  pass  downwani  into  the  Upper  Pala^ozoJcii 
TIk^v  are  not   very   different    from    the   slaty  rocks  of  the   con 
tiimatiou  of  tlie  same  mountainous  belt  in  California,  wliich  are 
highly  auriferous,  and   supposed    to   be,   at  least   in    great  part, 
Trinssic' 

There  are,  at  the  present  time,  no  important  gold  digging.^  on 
the  lower  part  of  the  Fraser  River,  although  it  was  tliis  region  that^J 
tirst  attracted  the  gold  miner  to  British  Columbia ;  a  considerabla^H 
amount  of  gold   is,   however,  still   annually  obtained,  chiefly  by 
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idians  and  Chinamen,  during  the  portion  of  the  year  when  the 
er  is  low.  From  the  Thompson,  near  Nicoarnen,  the  first  goM 
I  to  have  been  found  in  British  Columbia  was  obtained, 
id  this  locality  still  continues  to  yield  considerable  quantities 
en  the  river  is  low.  The  Tranquiile  River,  flowing  into 
tamloops  Lake,  was  worked  previous  to  18G2,  and  has  afforded 
bcupntion  to  a  varying  ntirnber  of  miners  ever  since,  although  it 
of  late  fallen  almost  entirely  into  the  hands  of  Chinamen. 
I  gold  is,  for  the  most  part,  scaly,  and  is  often  mixed  with  grains 
platinum.  At  St.  Louis  Creek,  on  the  lower  part  of  the  North 
lompson,  the  gravels  were  formerly  worked  for  gold.  On  tho 
3Uth  Siuiilkameen,  about  three  and  a  half  miles  above  Vermilion 
forks,  gohl  raining  has  been  carried  on  for  several  years,  although 
le  number  of  men  employed  is  not  large. 

Kock  Creek  still  continues  to  afford  profitable  employment  to  a 

Bw  men,  and  gold,  in  small  quantities,  has  been  found  on  several 

trearns  flowing  into  the  Okanagan  Creek  ;  of  these  diggings  those 

Mis3i(^n  Creek,  where  the  gravels  of  the  flat  rest  upon  Tertiary 

■ds,  have  proved  the  most  important.     Cherry  Creek,  a  tributary 

the  Shuswap  River,  has  yielded  a  considerable  quantity  of  gold, 

id  still  gives  eraplnyment  to  a  few  white   miners  and  a  much 

irger  number  of  Chinamen.     Although  there  are  numerous  quartz 

reefs  in  Briti-sh  Columbia,  some  of  which  have,  by  assay,  been  shown 

to  contain  both  go\d  and  silver,  few  of  them  appear  to  have  been 

■worked. 

According  to  Dr.  Dawson,  the  Leech  River,  in  Vancouver 
Islaml,  was  disfovered  to  be  auriffrous  in  1868.  For  some  time 
it  was  generally  thought  that  the  district  would  prove  to  be  a 
permanently  productive  gold-field,  and  houses  and  stores  were 
erected  acconlingJy.  Alx>ut  £20,000  worth  of  gold  is  said  to 
have  been  obtained  in  a  comparatively  short  time  from  these 
diggings,  but  they  are  now  entirely  abandoned.  Gold  occurs  in 
Queen  Charlotte's  Island,  both  in  tho  alluvium  and  in  quartz 
veins,  but  hns  not  been  ext^jnsively  worked. 

It  is  estimated  that  the  value  of  the  gold  produced  in  British 
Columbia  during  the  year  1881  amounted  to  about  £240,000,  and 
that  the  total  value  of  that  metal  obtained  since  its  discovery  in 
1858  may  be  taken,  approximately,  at  £9,350,000. 

Small  nuggets  of  native  silver  have  been  occasionally  found  in 
gold  pincers  on  the  Similkameen  ami  Mission  Creeks,  besides 
which  a  rich  silver  ore,  which  is  probably  freibergite,  occurs  in 
small    and   irregular  veins    at    Cherry  Creek.     These  veins    are 
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enclosed  in  greyish  or  blackish-grey  slaiL'=.  ami  the  veinstone 
principally  composed  of  quartz ;    assays  of  this   oro   have  8ora»-' 
times  yielded  as  much  as  658  oz.  of  silver  to  the  ton.     Nodules 
of  argentiferous    galena    found    in   the    sluice   boxes  on   Ch« 
Creek,  but  above  the  known  lodes,  have  assayed  as  much  as  221 
oz.  of  silver  to  the   ton,  and  would  indicate   the  ezistecoe 
veins  which  have  not  yet  been  discovered. 

On  the  north  side  of  Copper  Island,  a  band  of  scliist  about 
feet  in  thickness  exhibits  a  bright  copper  stain,  and  on  examl 
tion  is  found  to  be  impregnated  with  copper  pjTrites,  to  the  decoi 
position  of  which,  on  the  surface,  the  coloration  is  due.     Fragnjen' 
of  rich  copper  ore,  as  well  aa  rounded  pieces  of  native  copper,  have 
been  found  on  the  Thompson.     Native  copper  has  also  occasionally 
been  found  on  the  Fraser,  and  less  frequently  on  the  Similkaineen. 

Bbmuth  in  the  form  of  sulphide,  enclosed  in  thin  veins  of 
quartz,  has  been  found  on  the  north-east  aide  of  Little  Shuswap 
Lake. 

Magnetite  occurs  in  considerable  quantities  in  Cherry  Bluff, 
Kamloops  Lake,  and  on  Iron  Mountain;  it  is  also  reported  to  exist 
in  a  vein  several  feet  in  width,  in  a  ravine  half  a  mile  below 
Nicoamen.  According  to  Mr.  Richardson,  clay-ironstones  are  of 
frequent  occurrence  in  the  coal  rocks  of  Vancouver  and  Qaevn 
Charlotte's  Islands.  The  nodules  vary  in  weight  from  less  Uuia 
a  jwund  to  above  a  ton,  and  he  is  of  opinion  that  at  Baytie* 
Sound  Mine  a  sufficient  amount  could  probably  be  obtained  to 
supply  a  blast  furnace.* 

Newfodndland. 

The  most  important  mines  in  Newfoundland,  which  is  the  oi 
portion  of  British  North  America  not  included  in  the  Dominion 
Cantida,  are  those  of  Betts'  Cove  and  Little  Bay,  situated  on  th« 
north-eastern  part  of  the   island,  where  the  deposits    appear 
occur  in  rocks  belonging  to  the  Quebec  group. 

Dr.  Sterry  Hunt  *  regards  the  Quebec  group  as  of  great  econoc 
importance,  as  it  is  the  principal  metalliferous  formation  of  la 
areas  in  North  America.  "To  it  belongs  the  gold  found  i^ilong 
Appalachian  chain  from  Canada  to  Georgia,  together  with  the  ores « 
lead,  zinc,  copper,  silver,  cobalt,  nickel,  and  chromium.  The  latt 
metals,  particularly  chromium  and  nickel,  are  constantly  associ 

'  fJ^.  .?««wv  of  Canmh  :  Report  of  Progrean,  1872- 7S,  p.  81. 
■  -■  '  •••,  vol.  xxxL  18«1,  |i.  401. 
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^itL  the  ophiolitcs  anJ  other  magnesian  rocks  of  this  series,  while 
they  are  wanting  in  similar  rocks  of  Laiirentian  age.  The  deposits 
>f  copper  ore  in  East  Tennessee,  and  the  similar  ores  in  Lower 
inatla,  belong  to  this  group.  The  ores  of  lead,  copper,  zinc, 
ibalt  and  nickel,  of  Missouri,  and  the  copper  of  Lake  Superior, 
Iso  occur  in  rocks  of  the  same  age,  which  appear  to  be  pre- 
Bminently  those  of  the  metalliferous  period."  The  ore  at  these 
lines  occurs  in  deposits  under  conditions  strikingly  similar  to 
khose  known  to  prevail  in  Eastern  Canada,  and  to  characterize 
cks  of  apparently  contem|)oraneous  origin. 

The  production  of  copper  ores  at  Betts'  Cove  and  Little  Bay, 
>m  the  commencement  of  shipments  in  1875  to  the  end  of  1882, 
ras  as  follows : — 

Tons. 

]IIH 3.000 

1875  ) 

1876        18,000 

1877         44,000 

1878  2.-5,OUO 

1879        25,460 

ISSO        20,020 

1881         24.200 

1882         1G.430 

182,010 

iTlie  ore  conpjsts  of  a  mixture  of  iron  and  copper  pyrites  con- 
wning  about  7  per  cent,  of  copper,  with  but  little  silica,  ami  is 
Iremarkably  free  from  arsenic.     The  Little  Bay  Mines  were  only 
Bne<l  in  1878,  so  that  all  the  ore  shipped  previous  to  that  year 
must  have  come  from  the  Betts'  Cove  Mines  only. 


MEXICO. 

The  mountains  in  the  extreme  soutli-caj.t  of  Mexico  are  mainly 
'  cfJinpost'd  of  porphyry  with  limestone  and  clay  slate,  in  the  latter 
of  which  veins  of  silver,  copper,  and  lead  ores,  frequently  occur. 
Granite  forms  the  foundation  of  the  central  table-land,  but  its 
'  upper  strata  exhibit  an  extensive  area  of  porphyries  rich  in  the 
I  precious  metals,  together  with  basaltic  lavas,  trachytes,  clay  slates, 
atuygdaloids,  syenites,  serpentines,  dolerites,  limestones,  and  san<l- 
Btones.     The  Ccrro  del  Mercado,  in  Dnrango,  is  said  to  consist 

n  n 
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chiefly  of  iron  ora.    The  miiienl  pradneli  oCMeiieo» 
richer  thu  thoM  of  May  other  ooontiy,  and  indnde  gold.  i 
of  nlver,  iron,  oopper,  lend,  tin,  and  qnicUhrer.  Am^\ 
oelehcated  minea  are  thoae  of  OnanaTwato*  mtiA  wm 
hjthe  Spaniwds  at  the  beginning  of  the  ■xteeathcentuj. 
producUon  of  goid  and  nlTcr,  from  1701  to  the  end  of  IS 
been  estimated  at  621406,638  pesos,  or  2.600  millkM  i 
Sedimentaiy  ro^a,  of  which  the  exact  gedogicil  horimk 
been  determined,  contain  the  celebrated  lode  kiMnni  a  tk 
Madrp.    This  depont,  which  in  ooe  of  the  most  impoilaBl  ii 
world,  coincides  exactly  in  strike  (45*  to  50"  S.¥.)iiiaf 
S.W.)  with  the  beddii^  of  the  ooontiy  rofk,  and.  nmft 
inny  be  regarded  as  a  bedded  lode.    The  day  datei  ire  fk 
of  Devouian  age,  while  the  conglomerate  beds  bdmgtoikl 
Red  Sandstone  period.    In  the  Yalendana  and  Bsju  Iba 
lode  is  most  jnoiductive  at  the  contact  of  thcK  tsouAi, 
has  a  width  of  150  yards,  with  from  90  to  120  Tardiof  (ocps 
The  veinstone  consists  prineipally  of  amethystiDe  <inrti 
calc  spar,  enclosing  intentmtified    fragments  of  eooAij  i 
Among  the  other  minerals  preeent^  gypsam,  spatUe  ina 
fluor  spar,  apophyllite,  and  asbestos  are  the  most  oommoa;^ 
spar  is  entirely  absent    The  curious  interpolations  of  talcoset 
impregnated  with  silver  ore,  called  j'abones,  which  are  foQn>lii 
Luz  and  in  sonic  other  lodes,  also  (x;cur  in  the  Veta  Madre. 
ni«;t^ils  and  oros  arc  native  gold,  native  silver,  argentite,  and, 
rarely,  stophaniti!,  pyrargyrite,  fahlerz,  galena,  and  blende.  C 
pyritcH  and  iron  pyrites  are  of  frequent  occurrence,  the  lattei 
always  argentiferous.     Geodes  are  plentiful,  and  in  ihem  i 
ahi)v«>-nicntioncd    minerals    occur    in    a   crystallized  fom 
tilt;  ](j<k>.s  of  Quanaxuato  the  ore  is    first    found   at  a  de 
about  forty  fathoms,  and  at  from  200   to    250  fathoms  t1 
l>i'i;oiii(>  Ku  rich  in  antimony  and  lead  as  to  be  no  longer  t 
for  uuialganiation.     In  addition  to  the    Veta  Madre  tw< 
t«yst4!ins  of  h^los  are  met  with  in  the  neighbourhood  of  Guan 
Ist.  At  Santa  Rosa  the  porphyry  is   traversed  by  led' 
taining  silver  ores,  native  gold,  and  qimrtz. 

2nd.  The   lodes  of  La  Luz  traverse    diorite    in   a   d: 

15°  to  4.')°  N.W.,  and  with  a  dip  of  from  50'  to  70°  S.W 

veinstone  is  ({iiartz  and   calc  spar,  with   masses    of   the 

rock  above  referred  to  impregnated  with  silver  ores,  kni 

Jal/anes,  which  form  the  principal  source  of  the  riches  of  La  ] 

>  ¥.,  Tilmann,  "  Der  B^rgban  ron  Gmni^oato,"  Manster.  1866. 


TAUT  II. 


MEXICO. 


The  rich  silver  lodes  in  the  grauwaoke  of  Zaoatecns,  north- 
west of  Giianaxuato,  appear  to  be  very  simihir  to  the  Veta 
Madrc.  Fourteen  leagues  north-west  of  Zacatecos  is  the  city  of 
Fresnillo,'  at  the  foot  of  a  mountain  known  as  the  Cerro  de 
Proiino,  which  is  intersected  by  silver-bearing  veins,  of  which  the 
number  la  stated  to  exceed  fifty.  These  are  all  true  veins, 
enclosed  either  in  grauwacke  or  Devonian  clay  slate.  These  lodes 
carry  three  classes  of  ore,  respectively  distinguished  as  colvrados, 
nfgros,  and  azulaques. 

Los  rolorados,  the  red  ores,  are  distingnishetl  as  carrying  chieHy 
native  silver,  silver  chloride,  or  chlorobroraide  (plata  vcnfe), 
mingled  with  reddish  iron  oxides  and  quartz,  rarely  with  remains 
of  unoxidjzed  ores.  In  short,  the  red  ores  mark  the  zone  of  de- 
composition iiifluencetl  by  the  atmosphere  and  its  waters;  the 
depth  to  which  they  penetrate  varying  considerably  in  ditfercnk 
veins.  Los  nfi^ros,  the  black  ores,  are  essentially  a  qTiartzose 
vein.9tone  carrying  black  sulijhidos  of  silver,  argentit^,  stephanite, 
pynurgyrite,  &c.,  with  native  silver  and  iron  pyrites.  Los 
azulaques,  or  bluish  ores,  are  essentially  peculiar  to  the  veins 
of  the  Cerro  de  Proafio,  and  consist  of  the  same  ores  found  in 
the  ailjacent  veins,  but  distributed  in  the  body  of  tiie  country  rock 
for  a  distance  of  from  sixteen  to  thirty-two  inches  beyond  the  lode. 
For  this  distance  the  countr)^rock  is  found  to  be  impregnated  with 
iron  pyrites,  nrgentite,  horn  silver,  and  native  silver,  in  thin  coat- 
ings. The  total  value  of  the  silver  produced  by  the  Cerro  de 
Proano  mines,  from  ISiiS  to  1802,  was  if9,S2o,505. 

The  mining  district  of  Tat^tila  and  Zomolahuacan  *  is  seven 
geographical  miles  from  Jalapa.  The  district  i.s  formeil  of  lime- 
stone, greenstone,  pfirphyry,  and  trachyte,  and  the  lodes  occur 
most  frequently  in  the  limestone,  rarely  in  the  greenstone  and 
porphyry,  and  never  in  the  trachyte.  The  lodes,  the  number  of 
which  is  very  great,  are  on  an  average  from  tliree  to  .six  feet  in 
width,  dip  at  a  great  angle,  and  course  nearly  north  and  soutli. 
Four  distinct  group.«i  of  veins  are  distinguished,  namely  : — 

1.  Auriferous  lodes  containing  native  gold  enclosc<l  in  quartz 
coloured  by  iron  oxide. 

2.  Silver  Iwles  containing  argentiferojia  ores  in  a  g.ingue  of 
calc  spar  and  quartz. 

3.  Lodes  containing  argentiferous  galena,  quartz,  and  calc  spar. 


'   B.  .«lillininTi,  "  .''k'tcli  rif  the  Great  Historic  Mines  of  ll»e  Cerro  de  ProoBo  nt 
Frc«nillo,"  New  Havi-n.  1883. 

»  lUohter  nnd  Hilbncr,  ZeUsehr.  Berg.  ffiUi.  Salinnv.  vol.  xxi.  1873,  p   26, 
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4.  Copper  ore  veins,  comaii^  Yerj  iir^iQlariy,  oomtaiiuiig  nii- 
ferons  copper  pyrites  and  Tsri^^ted  copper  ore. 

The  ore  masses  of  La  Concepcion  Mine,  which  do  not  beloi^ 
to  any  one  of  the  above  groups  as  tbej  omtain  at  the  same  time 
aoriferoos  quartz,  lead,  silver,  and  copper  ores>,  are  among  the 
most  important. 

Near  Pachuca,*  twenty-two  leagues  n<Hih  of  the  diy  <d 
Mexico,  is  the  mining  village  of  Beal  del  Monte.  The  Siena  de 
Pachuca  at  this  point  is  composed  of  varioosly  coloured  ptaphyiks 
invariably  forming  the  matrix  of  the  ores ;  these  being  never  found 
in  the  younger  eruptive  rocks  which  burst  throngh  the  por^yiieL 
Stratified  rocks  do  not  occur  in  the  neighbourbood  either  of 
Pachuca  or  of  Real  del  Monte.  The  lodes,  which  are  numennu^ 
course  nearly  east  and  west^  and  are,  generally  speaking,  panlld; 
they  usually  dip  70°  S.,  but  in  some  exceptional  cases  their 
dip  is  towards  the  north ;  cross  lodes,  oourang  from  north  to 
south,  are  rare,  and  have  no  great  thickness.  The  veinsb»s 
chiefly  consists  of  quartz  and  deo(Hnposed  porphyry,  while  caldte 
is  of  rare  occurrence,  and  heavy  spar  is  still  leas  abondani 
Native  silver  and  stephanite  are  common,  while  pyiaigyiite, 
blende,  and  copper  pyrites  are  comparatively  rare.  The  avenge 
percentage  is  from  '15  to  '18  of  silver,  which  contains  '2  per  coii 
of  gold.  The  widest  lode  is  that  of  Arevalo,  near  £1  Chica 
wliirh  is  from  sixty-fuur  to  jseventy-five  feet  in  width,  but  contains 
much  worthless  material.  The  lode  of  greatest  extent  is  the 
Veta  Biscaina,  which  may  be  traced  for  5,000  fathoms  along 
its  strike,  and  is  perhaps  connected  with  the  Veta  Madre  of 
Gunnaxuato. 

Tlie  Jocuistita  silver  mine  is  situated  about  100  miles  north  of 
Mazatlan,  Sinaloa,  at  an  altitude  of  3,500  feet  above  the  sea  level 
During  the  year  ending  1st  June,  1882,  5,500  tons  of  ore  from 
this  mine  were  smelted  on  the  spot,  yielding  81,010,529  of  buUioa 

The  output  of  precious  metals  in  Mexico  in  1881  is  officially 
stated  at  S29,713.355.«  In  1880  the  production  wa8,gold  $989,101, 
silver  $25,167,763.' 

•  Richter  nn«l  Hiibner.   ZnUehr.  Brrg.  HStt.  Saiiiumtr.  toL  xxL  1873,  p.  IDS. 
'  B.  Silliman,  "  C*rro  de  ProtiSo,'"  p.  12. 

*  C.  King,  "  Pro<lnctioTi  of  the  Precious  Metals."  Wuliin^on.  1881. 
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BRAZIL. 

Brazil'  has  long  been  celebrated  for  its  gold  njiues,  -vvliich 
were  first  extensively  ■worked  about  the  beginnixig  of  the  last 
century,  and  have,  in  the  aggregate,  atfordod  very  cousidL-rablu 
amounts  of  that  metal.  The  large  q^uantities  uf  gold  produced 
in  Brazil  during  the  eighteenth  century  were  almost  exclusively 
the  yield  of  alluvial  washings,  principally  in  the  province  of 
Minas  Geraes,  which  have  become  to  a  great  extent  exhausted,  so 
that  the  gold  now  produced  is  almost  entirely  the  result  of  deep 
mining  in  solid  rock.  Many  of  the  auriferous  dopusits  of  Brazil 
differ  essentially  in  character  froin  those  of  most  other  countries, 
since  the  gold  ia  oftyu  disseminated  in  metalliferous  strata  rather 
than  enclosed  in  auriferous  veins. 

The  richfst  portiun  of  the  province  of  Minas  Ueraes  is  that 
situated  between  Gotigonhas  do  Campo  on  the  south,  Candouga 
on  the  north,  the  tributaries  of  the  Rio  Doce  on  the  east,  and 
the  Rio  das  Velhas  on  the  west.  The  auriferous  series  is  here 
made  up  of  granite  and  gneiss,  overlain  by  micaceous  and  talcose 
schists  with  interstratifietl  seams  of  quartzite,  M'hich  usually  contains 
either  mica  or  talc.  These  micaceous  rocks  are  succeeded  by  clay 
8late,  and  often  enclose  Icuticidar  masses  of  quartz.  The  clay 
slate  is  followed  either  by  an  inconsiderable  stratum  of  gramdar 
quartz,  or.  more  frequently,  by  thin  bauds  of  magnetite  and 
specular  iron  ore  alternating  with  granular  quartz.  The  character- 
istic gold-bearing  rocks  of  Brazil  are  known  as  ilacolvmite, 
itahirite,  and  jacotinga. 

Itacolumite  is  a  friable  sandstone  consisting  mainly  of  quartz 
sand,  but  containing  talc  or  mica,  and  sometimes  also  possessing 
a  certain  amount  of  flexibility  when  in  tliin  laminas,  ItabiriU'  is 
a  mixture  of  specular  iron  oro  and  magnetite  with  a  variable 
amount  of  quartz,  and  is  either  granular,  schistose,  or  compact. 

'  W,  J,  ITenwoexl,  "  MptnMift'i'oiis  Deposits,"  Trarm.  Hoy.  Geo!.  Soc,  of  Cornwalf, 
vol.  -vtii.,  Penxmice,  1871  ;  O.  A.  Derby,  Jmeriean  Jourtuil  o/  Seitita,  1S82,  [t, 
178  ;  .1.  A.  I'liilliiis,  "  The  Mining  luid  Wetalliurgy  of  Gold  und  6i\In«,"  \.  t'ii, 
LaijJou,  1S07. 


6U 


>EPOSITS. 


Jacotinga  consists  of  micaceous  iron  ore,  brown  iron  ore,  and  quarts  J 
the  latter  usually  in  a  state  of  granular  disintegration.  Oxidfll 
of  manganese,  talc,  iron  pyrites,  and  massive  irou  glance  »r|l 
its  chief  uccessory  minerals.  The  granite  of  Candonga  containa 
gold  alloyed  with  pallarlium.  The  slaty  irtjnstones  or  ferruginmJ 
sandstones  often  assume  the  form  of  lenticular  beds,  of  nhichl 
the  centnil  portions  occasionally  contain  Hakes  ami  grains  of  gokU 
Bonietimes  isolated,  but  at  others  connected  with  one  another  bjfl 
thrciuls  and  filaments  of  that  metal.  Towards  the  edges  and  sidcil 
of  these  auriferous  buuches  the  particles  of  gold  gradually  ilimini,«ti| 
in  size  and  become  less  plentiful,  until  the  rock  at  length  a.<»uu>e«J 
in  all  respects,  the  appearance  and  composition  of  ordinary  jjicolingaJ 
At  Oongo  Soco  a  lenticular  mass  of  itabirite  is  both  enclo8e<]  in,l 
and  penetrated  by,  veins  of  auriferous  jacotiuga.  The  gold  of  tliiaJ 
I'orraation  is  always  alloyed  with  silver  and  copier ;  and  sometineM 
also  with  platinum  and  palladium.  I 

At  Sao  Joao  d'EI  Rei  there  are  auriferous  deposit*  which  ncrol 
fur  many  years  worked  with  great  profit,  the  gold   having  be<a1 
principally    obtained     from     a    conglomerate    containing    rollt-*!  I 
j^ebbles  of  itacolumite  and  of  unctuous  schists.     The  cvlebrated  I 
Morro   Velho  Mine  is  situated  fifty  miles  south  of  Ouro  Prelu.,| 
in  the  province  of  Minas  Geraes,  and  was  for  a  time  worked  Iv 
native    miners;   but   on  the    failure   of  the   Sao   Joao  d'EI  Rt-i 
mines   it   was  purchased   by  the   St.  John   del   Rey   Comiiany, 
and  has,  for  many  years,  been  worked  by  them  with  success. 

The  gold  is  obtained  from  a  quartz  lode  enclosed  in  day  slstle, 
which,  although  irregular,  both  in  direction,  dip,  and  dimensions, 
is  strong,  and  generally  well  defined.  The  vein  chiefly  ccm- 
sists  of  a  mixture  of  magnetic,  arsenical,  and  conmion  iron  pyrite-s, 
disseminated  in  a  qujirtzusc  gangue ;  being  composed  approximately 
of  40  per  cent,  of  quai'tz  and  60  jier  cent,  of  various  uietallie 
sulphides.  The  arsenical  pyrites  carries  most  of  the  gold,  the 
smallest  grain  of  which  is  rarely  seen  pre^'ious  to  the  concentration 
of  the  ore.  Arsenical,  magnetic,  and  ordinary  iron  pyrites  re- 
spectively predoraiiiat<j  at  different  points,  while  calc  sjiar,  brown 
spar,  and,  more  rarely,  yellow  copper  ore  are  also  present  in 
llie  vein,  which  is  not  unfrequently  traversed  by  clay  slat*  and 
barren  white  q\iartz.  When  pyrites  is  entirely  absent,  gold  in 
appreciable  quantity  is  rarely  present. 

The  Mono  Velho  Lode  is  in  some  j)Iaces  more  cavernous  nri  i 
less  close  in  its  texture  than  in  others,  but  where  drusy  cavil: 
are  plentiful  the  yield  of  gold  invariably  diminishes.     TLo  meet 
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produttive  matiix  for  gold  is  a  compact  JiiLxture  of  quartz  and 
pyrites,  onclosiiif,'  varying  quantities  of  country  rock.  Tbt-  great 
I  metalliferous  deposit  known  as  the  Cftchoeira,  Bahu,  and  Quebra 
|Panella,  is  one  continuouSj  but  very  irregular,  vein  varying  in 
"width  from  seven  to  seventy  feet,  and  at  one  point  reaching  100 
feet  in  thickness.  Tlie  aveiage  width  of  this  deposit  at  a  depth 
of  176  fatlioms  in  the  Cachoeira,  and  of  165  fathoms  in 
the  Bahu  workings,  was  19  feet,  and  stopiug  ground  extended 
over  a  length  of  about  807  fathoms.  There  is  also  a  north 
branch  called  the  Gauiba  separated  I'rom  the  main  deposit  by 
a  band  of  country  rock,  which,  although  containing  a  certain 
amount  of  gold,  is  too  jxior  to  admit  uf  being  worked  at  a  profit. 

The  shafts,  so-called,  as  the  whole  of  the  lotle  has  been 
excavated  from  the  surface,  are  carried  down  at  an  inclination  of 
about  45",  and  the  mineral  is  brought  up  by  strong  kibble-like 
carriages  each  holding  a  ton. 

The  stamping  mills,  as  well  as  all  the  other  machinery,  are  driven 
by  water-|K>wer.  The  average  yield  of  the  ore  at  Morro  Velho  has 
been  about  4,333  oitavaa  of  goKl  alloyed  with  silver,  or  iis  nearly  as 
possible  half  a  troy  oz.,  value  32.v.  Qd.,  per  ton ;  but  this  yield  has  of 
late  fallen  off.' 

In  187.3  the  mines  helotiging  to  the  St.  Julin  del  Roy  Company 
produced  bullion  to  the  value  of  £144,07iJ;  in  1870  the  value  of 
the  gold  and  silver  obtained  amounted  to  £247,820,  and  in  1877  to 
£176,580.  From  the  fiftieth  annual  report  of  this  company  it 
would  appear  that  in  188(J  they  stamped  (>3,540  tons  of  ore,  and 
realised  a  net  profit  of  £63.000, 

The  mines  of  Congo  S<xro,  about  twenty  miles  east  of  Morro 
Velho,  were  at  one  time  very  productive,  and  other  gold  mines 
have  been  worked  at  Rossa  Grande,  Morro  de  Santa,  Anna, 
in  the  Serra  of  Cata  Branca,  and  in  some  other  localities. 
A  very  large  portion  of  the  province  of  Minas  Geraes  is  more  or 
less  auriferous,  and  gold  is  likewise  found  in  many  parts  of  the 
provinces  of  Bahia,  Pemambuco,  Parahiba,  and  Rio  Grande  do  Sul. 
Gold  waaliings  occur  in  almost  all  parts  of  the  country,  but  they 
are  generally  carried  on  in  a  very  rude  and  irregular  manner. 

Soetbeer  estimates  the  value  of  the  gold  production  of  Brazil 
from  the  year  IGOl  to  1875  at  £144,668,475. 

Iron  ores*  abound  in   almost   every  part  of  Brazil,  and  tlio 


*  The  gold  obtaiued  at  Horro  Velho  is  naually  alloyed  with  nboot  20  per  cent,  of 
|vtr.    An  oitava  is  2  dwt.  7-348  fcr.  troy. 
»  A.  do  boYct.'Ann.  de*  Minrt,  vol,  lii.  1883,  p.  85. 
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ileposita  which  occur  in  the  province  of  Miniis  Geraea  alone  wouIii^H 
appear  to  be  almost  inexhaustible.     lu  this  province  a  superficul^B 
deposit  of  a  clastic  iron  ore,  varying  from  one  to  four  yards  u^H 
thickness,  extends  for  a  great  distance,  resting  on  iron  schist,  mtca^l 
bchist.  talc  schist,  clay  slate,  or  itacoluniite  as  a  bed-rock.    This  cre^V 
n«  knowu  under  the  name  of  eanga  and  consists  of  angular  ing-  ^ 
inents  of  magnetite,  iron  slate,  iron  glance,  and  brown  iron  «tone, 
together  with  small  quantities  of  quartzite,  itacolumite,  and  othccH 
rocks.     The  cementing  material,  which  imparts  great  tenacity  ta^^ 
the  breccia,  is  red  iron  ore,  brown  iron  ore,  and  yellow  and  re>l 
oohres.     The   accessory  constituents,  originating  from    the  older 
rocks  in  the  same  way  as  the  iron  ores  themselves,  are  native  gold, 
topaz,  rutile,  and  diamond.     The  iron  ores  of  Brazil  would  appear 
Cjio   be   remarkably  pure,  as  they  rarely   contain    phospliorus  i»J 
"«alphur,  but  manganese  is  of  common  occurrence.     Deposits  cod 
taining  gold  and  diamonds  are  almost  the  only  ones  whieh  in  Bruill 
have  been  extensively  worked.     Copper,  manganese,  and  lead  ore 
are  said  to  be  abundant. 

CHILI. 

Chili    is  rich  in    minerals ;   and  among  its   metals   :ire  golJ,J 
silver,  copper,  lead,  antimony,  cobalt,  nickel,  zinc,  bismuth,  iroM 
and  quicksilver.     Gold  is  found  in  quartz  veins  running  uearlj 
north  and   south,  and  is  accompanied  by  galena,  blende,  copf 
pyrites,  iron  pyrites,  and  iron  glance ;  but  the  chief  proportion  of  tl 
gold  produced  in  Chili  is  obtained  from  washing  the  beds  of  river 
Soutbeer  estimates  the  production  of  gold  in  Chili  from  154.S 
1875,  a  period  of  330  years,  at  £36.772,200.     The  richest  silve 
mines  are  found  in  the  Upper  Jurassic  rocks  of  the  province 
Atacama.      The  most   productive   districts  are  ChanarcUlo, 
PuuUs,  Florida,  and  Caracoles. 

Tlie  lodes  of  Chanarcillo^  occur  in  beds  of  a  bluish  limeston^ 
Jurassic  age,  interstratified  with  various  metamorphosed  rockj 
The  varying  nature  of  the  country  rock  through  which  the  veins 
descend  has  a  very  decided  effect  on  their  contents.  They  run  ali»i^ 
tlie  side  of  a  short  range  of  hills,  and  the  general  direction  of  thei 
strike  is  north-east,  the  dip  being  north-we^t.  There  are,  hoil 
ever,  Jodcs  which  dip  to  the  south-oast,  but  although  many  of  thef 
have  been  explored  to  a  considerable  depth,  they  have,  gi-nerarf 

'  For  pnrti.-ul«rs  relativo  to  flio  miiies  of  rjurinrcillo.  Rosario.  PbuuIciIIo,  bA 
CarriM  Alto,  \  au  iii<leht««d  to  .Mr,  M.  H.  Gniv.  A.K  S.M..  who  kiiiJly  j.la.nd  «t  rt 
ili3|«i*il  his  nutes  on  tho  metaliifcroiui  deposits  of  Chili,  m«Je  doriuK  u  recent  r^ 
(0  that  cauutry. 
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ikiug,  been  found  to  give  uusatisfactory  results.     The  principal 

as  at  Chafiarcillo  are  tour  ia  uutnber,  uamely,  the  Vcta  Culorado, 

Vetii  CiicLe,  the  Veta  Diiscubridora,  auJ  the  Vela  Candelariu. 

first  tsvo  run  nearly  parallel  at  a  distance  from  one  aunther 
^ing  from  actual  contact  to  fourteen  yards,  the  Veta  Cache  being 

more  irregular  vein  of  the  two.  These  ludes  have  a  strike  of 
'E.  of  N.,  and  the  Vetji  Descubridora  has  a  similar  dirt-etioii,  while 

Veta  Caudelaria  courses  45"  E.  of  N.  cutting  through  the  other 
Be  lodes ;  but  the  points  of  intersection  do  not,  as  a  rule,  show 

increase  of  richness.  These  veins,  which  have  been  traced  for 
listance  of  a  mile  and  a  half,  are  accompanied  by  others  of  a 
>ndary  character,  and  these  by  still  suialler  ones  which  are 
rertheless   of  considerable   importance.     The  lodes    are    much 

cted    by    tlie  nature   of    the    enclosing   rock.      They    become 

jwer  in  unfavourable  rocks,  but,  in  those  of  a  contrary  uature, 

lodes  become  nut  only  wider  and  richer,  but  the  walls  also 
jmc  impregnated  with  ore  to  sucli  an  e.xtent  as  to  allow  of 
jir  beiug  profitably  worked  for  a  distance  of  sometimes  nine 
it  from  the  lodes.  According  t«  Mr.  Gray,  the  Chanarcillo 
Ics  traverse  various  beds  of  rock  occuri'ing  in  the  following 
ler: — 


Clun  iif  no«k. 
Stru  tilled  cnk'uieuua  rcwkii  . 

lutra&ire  luuk 

Corbouifcrous  luucHtoue  .   . 

I.   Metiiiuorplkosud  and  siliceoun  I 
stniia \ 

Coll  irvrnus  bittiiiiiuoDs  gtruta 

10.   ML'tdiiiiirjihost'd  rocks   .    . 
w.  Coluifcroua  strata  .... 


Tlilvkncu. 
GOO  feet. 

330     „ 
80     „ 


400     „ 

380     „ 
6«0    „ 

uiikiiuwu. 


{": 


CualcDU  of  Lodes. 
Iodide,  cliloriilc,  mid  »»tive silver. 
mroK    lodi-n,    ualc    ajwt.     Ko 
silver  ore. 

iArj^'eutite,  ruby  silver  and  native 
silver. 
(  Dfiid  ground,  except  a  layer  of 
1  'ib  ft.  ill  cvuire  ut'otnita, iiinkiui; 
J  rieli  ill  silver  ore  iu  the  IJocoua 
\     Mind  aloue. 

I  Native   silver,    antimouial   onw, 
\     arsenidets,  Rud  ijuljihldc-ii. 

Dead  grouud. 

AraoiudesBud  suljihides  of  silver. 


From  the  surface  for  some  distance  downwards  the  lodes  are 
pled  with  a  soft  clayey  material,  containing  iron  ochre,  calc  spar, 
ivy  spar,  malachite,  and  native  silver,  together  with  chloride, 
ide,  and  bromide  of  silver,  mdalcs  caliilos.     Occasionally  small 
igmeuts    of    undecomposed    sulphuretted    ores    are    met    with 
in  these  gossans.      At  a  dejjth  varying  from  thirty-five  to  eighty- 
five  fathoms,   the  iiietaks  calidos  disappear,  and  in   their  place 
telales  frivs,  consisting  of  silver  glance,   polybasite,  pyrargyrite, 
snde,  and   galena,  make  their  appearance;   but  iron  pyrites  is 
'somewhat  rare  occunence. 
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At  Caiaooles,  on  the  frontier  of  Bolivia,  Uie  Upper  Jnraarie 
limestanes  and  marls  are  traTeised  by  quartz-porphyries  and 
compact  greenstones,  the  lodes,  from  eighteen  inches  to  fotirteeo 
feet  in  width,  being  generally  paoductive  in  the  porphyry.  They 
usually  contain  native  silver,  yntii  the  chloride,  bromide,  and 
iodide  of  that  metal,  while  the  gangnes  vary  in  the  different 
lodes ;  some  consistii^  of  calcite,  gypsum,  heavy  spar,  hcmistooe, 
and  decomposed  porphyry,  others  of  quartz  and  h^ivy  spar;  while 
a  few  consist  of  heavy  spar  only. 

At  ArquCToe,  in  the  province  of  Goqoimbo,  heavy  spar  lodes, 
rich  in  silver,  occur  in  Jurassic  limestones  traversed  by  porphyiiea. 
The  ores  consist  of  native  amalgam,  native  silver,  antimonial  idlver, 
silver  chloride,  stephanite.  speiss  cobalt,  &hlerz,  erubesdte.  and 
cof^r  pyrites. 

Although  the  amount  of  silver  raised  in  Chili  is  very  con- 
sideiable,  copper  is,  nevertheless,  the  most  important  product  of 
the  country.  The  ]»incipal  copper  mines  are  situated  in  the 
provinces  of  Atacama,  CSoqnimbo,  and  Aconcagua,  and  the  most 
important  are  those  of  San  Juan  and  Carrizal  near  Gopii^  Ia 
Hignera  near  Coquimbo,  and  Tamaya,  about  sixty-five  miles  from 
Coqnimbo,  situated  in  an  elevated  mountain  district. 

At  the  Rosario  copper  mine,  situated  2,680  feet  above  sea  level, 
ther«  are  two  main  lodes  running  parallel  to  one  another,  and 
on!y  a  short  distance  apart.  The  more  regular  of  the  two  is  the 
Vtita  Negra,  which  lies  on  the  foot-wall  side,  striking  10°  W.  of  N. 
ani  dipping  S.  of  W.  The  Teta  Verde  is  on  the  hanging-wall  side 
and,  although  irregular,  considerably  resembles  the  Veta  Negra 
both  in  strike  and  dip  There  is  also  a  lesser  vein  joining  the 
other  two.  their  junction  being  very  rich  ;  both  veins  are  intersected 
bv  cross-courses.  The  breadth  of  the  lodes  varies  from  one  up  to 
fourteen  f:tthoms,  the  latter  width  being  only  attained  where  the 
throe  veins  come  together.  The  Veta  Verde,  undulating  upon  the 
Veta  Xegra.  has  produced  many  rich  bunches  at  the  points  oi 
jnncti<>n.  The  gangue  is  almost  entirely  felspathic  with  a  little 
hornblende  and  calc  spar,  while  the  walls  are  of  diorite  in  which 
epidote  and  magnetite  are  accessory  constituents.^ 

There  are  carbonates  and  silicates  of  copper  near  the  surface, 
ospeciaUy  on  the  Veta  Verde,  but  these  do  not  extend  to  any 
considerable  depth.  Then  follows  purple  ore ;  but  the  principal 
part  of  the  mine  is  worked  on  yellow  copper  pyrites ;  the  lowest 
workings  being  at  a  depth  of  298  fathoms.     The  Panuluillo  copper 

'  J.  Livkt'D,  Bfr-j.  uH<f  neUeniH.  Zcit.  1877,  x»- 129. 
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mine  is  forty-five  miles  from  Coquimbo,  the  ore  being  obtained 
from  a  contact  dejmsit  nrnl  not  from  a  tnie  vein.  The  ore- 
bearing  ground  is  divided  int«i  two  parts  by  a  cross-course  and  the 
two  divisions  ju-e.  worked  separately,  being  respectively  known  as 
the  North  and  South  Mines.  These  ore  masses  strike  5°  W.  of 
N.  In  the  North  Mine  the  deposit  goes  down  perpendicularly, 
but  in  the  South  Mine  it  dips  63°  E.;  the  cros-s-course  striking 
45"  E.  of  N.  The  North  Mine  deposit  has  a  length  of  900  feet 
along  the  strike,  and  the  widest  part  yet  opened  measures  seventy 
feet,  the  narrowest  stope  being  about  forty  feet  across.  The 
side  is  composed  of  stufi"  too  poor  to  work.  The  western 
is  of  porphyry  and  has  a  good  selvage,  while  the  eastern  is 
imposed  of  mica  schist  and  is  ratlier  indefinite.  The  ore  is  copper 
pyrites,  with  a  gangue  of  crystalline  tourmaline.  The  deposit  at 
I  the  South  Mine  is  600  feet  long,  and  fifty  feet  across  in  its  widest 
part.  The  eastern  wall  of  this  lode  is  of  mica  schist,  and  the 
western  wall  of  crystalline  limestone  containing  crystals  of  mica. 
I'TIlie  ore  and  gangue  are  of  the  same  character  as  those  ia  the 
North  Mine. 

Carrizal  Alto  was  once  a  very  important  copper- mining  district, 
but  is  now  decidedly  ou  the  decliae,  the  copper  at  present  pro- 
duced coming  from  ground  already  worked  over.  The  lodes  of 
this  district,  which  run  more  or  less  parallel  to  one  another  with  a 
north-north-east  direction,  are  frequently  crossed  by  igneous  dykes, 
and  are  usually  enriched  where  so  intersected.  As  a  general  rule, 
from  the  outcrop  to  a  depth  of  twenty-five  fatlioms  the  ores  arc 
carbonates;  for  the  next  ten  fathoms  friable  melacooitc  is  met 
with  ;  while  below  this  comes  yellow  copper  pyrites  with  iron 
pyrites  to  a  depth  of  240  fathoms.  After  this,  ho  far  aa  has 
hitherto  been  explored,  dead  ground  prevails.  Many  other  ira- 
port^nt  copper  mines  are  woriced  at  various  places  in  tlio 
Northern  Pro\'inces. 

Tlie  copper  exported  {rom  Chili  daring  the  year  18H1  amounted 
to  38,030  tons  and  in  1882  to  42,960  ton*,  lliese  figurett  repre- 
sent fine  copper,  and  therefore  iadnde  the  metal  omtainvil  m 
Ijoth  ore  and  r^gulus.  Of  the  total  aaumnt  of  cop|)er  exported 
from  Chili  during  1882.  84  percent,  wm  io  the  xnvtollic  Htate,  14 
per  centv  as  rrgulus,  and  aboot  2  per  eeaL  in  the  form  of  ore. 

In  Chili  the  most  common  ore  of  cobalt  is  arsonicnl  cobalt, 
and  the  most  important  lode  is  the  Veta  Blaoca  of  Han  Juan ; 
glance  cobalt  and  erjrthrite  an  aho  wodced  at  Tambillo*  and  at 
Huasco. 
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The  groat  extent  aud  variety  of  the  mineral  productions  of 
Bolivia  liave  given  it  an  itaportaucu  which  it  could  not  otherwi* 
have  possessed.  Gold  is  found  in  considerable  quantities  in  the 
mouiitaiuous  parts  of  the  country,  and  occurs  in  lodes  in  asaot-iatiu; 
with  silver  aud  other  ores.  The  greater  portion  of  this  inc 
is,  however,  obtained  from  washings  in  the  bei^is  of  rivere.  Seve; 
districts  in  Potosi,  Cliuquisaca,  Santa  Cruz  and  Taiija,  are  auriferous. 
The  protluctiou  of  gold  in  Bolivia  in  the  year  1881  was,  according 
to  Burchard,  aK-ut  3,500  oz. 

SUver  ifi  however  the  staple  metallic  production  of  Bolivia,  the 
mines  of  Potosi  *  being  well  known  for  tlicir  almost  fabulous  riches. 
They  were  discovered  in  1545,  and  their  annual  productjun 
was  estimated  by  Chevalier  in  1845  at  from  48,000  to  00,000  lbs. 
troy.  The  celebrated  mountain  of  Potosi  rises  2,097  feet  above 
the  great  square  of  the  city  of  that  name,  which  is  situated  at  its 
base.  It  has  a  somewhat  conical  fonn,  and  consists,  from  the 
summit  to  a  depth  of  about  200  fathoms,  of  quartz-porpliyry. 
From  this  point  clay  slate  forma  a  mantle  round  the  porphyry.  The 
labour  of  the  miners  has  been  couiined  to  the  upper  portion,  whcra 
about  sLxty  lodes,  coursing  N.E.  and  dipping  from  65  to  70* 
S.E.,  together  with  various  workable  strings  of  ore,  traversa; 
the  pjrphyry.  The  lodes  continue  down  into  the  deeper  parts  o! 
the  mountain,  sometimes  passing  out  of  the  porphyry  into  clayi 
slate,  in  which,  however,  they  become  less  productive.  Tha 
minerals  contained  in  the  lodes  are  quartz,  iron  pyrites,  pyraigyrite, 
fahlerz,  cassiiterite,  and  silver  chloride,  together  with  native  silver. 

The  silver  mines  in  the  province    of  Chicas,  have   acquire 
considerable  celebrity  on  account  of  the  richueAS  aud   quantii; 
of  their  ores.     The  once  famous  mines  in  La  Paz  are  n<iw  aban 
doned,  while  those   of  Arque,   Lipez,  and  of  tlie   department  o 
Oruro,   are   not   regularly   worked.     In    tlie  last-named   distric 
a  por]>hyry  has  burst  through  the  clay  slate,  and  is  traversed  by 
numerous  lodes  coursing  N.E.  and  dipping  from  45°  to  85°  2S'.W.„ 
with  a  thickness  varying  from  three  inches  to  several  ytirds.     Tba, 
vein-stuff  consists  principally  of  por])hyry  impregnated  with  iron 
pyrites.      Pyrarg^Tite,  stephauite,    plumosite,  antiniouial   glance, 

'   II.  Ucik,  lier^.  unrf  nutUntn..  Z*U.  IftM.  V-  -75-,  ftvol.  18««,  v  MO. 
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argentiferous  ftihlerz,  and  cassiteiile  occur  ia  strings.  Near  the 
surface  ^^(wrws  ores  are  found,  whiie  lower  down  mulatos  and 
negrUlos  make  their  appearanre. '  In  1870  silver  deposits  were 
discovered  at  Caracok'S,  in  the  desert  of  Atacama.  Burcluird 
Rtates  tliat  in  1881  the  silver  production  of  Bolivia  auiuuuled 
in  value  to  $11,000,000. 

Copper  takes  the  next  rank  among  the  valuable  metals  of 
Bolivia,  and  occurs  iu  tlie  departnieutg  of  La  Pitz,  Pot<jsi,Clmi|U!saca, 
Oruro,  and  Beni.  At  Algodon  Bay,  in  the  vicinity  of  the  desert  of 
Atacama,  lodes  fi"oin  three  to  six  feet  iu  thickness  occur  in  diorite 
and  syenite,  and  contain  copper  glance,  together  with  copper  pyrites. 
They  also  contain  atacamite,  but  azurite  and  malachite  are  never  met 
with;  the  Atacamita  Lode  is  especially  rich  in  atacamite,  wliicli 
occurs  mixed  with  red  copper  ore. 

The  value  of  the  cupper  exports  from  Bolivia  to  the  United 
Kingdom  during  the  year  1882  was  ivs  follows  : — 

Ore £40,794 

Regulus 80,301 

127,18.5 

Tin  is  mined  to  a  small  extent  in  Potosi  and  Oruro,  whore  it  i.«i 
found  in  a.ssociation  with  silver  ores.  Cinnabar  and  lead  ores  are 
also  met  witli. 


PERU. 

Peru  has  long  been  famous  for  its  wealth  of  silver  and 
gold.  Soetbeer  estimates  the  amount  of  gold  produced  during  the 
years  1851  to  1875  at  20,570  lbs.,  worth  XI, 304,325.  The  total 
export  of  gold  from  Peruvian  ports  during  the  year  1877  amounted 
tu  35,633  oz. 

Silver  is,  however,  more  wi<lely  distributed  over  the  country  tlian 
is  gold.  The  silver  mines  of  Huantajaya,  Pasco,  and  Chofa,  are  re- 
markably rich,  and  great  improvements  in  the  system  of  mining  were 
introduced   into  this  district  by  the  celebrated  Richard  Trevithick. 

The  mines  of  Cerro  de  Pa.sco  are  perhaps  the  most  remarkable, 
and  may  be  taken  as  a  type  of  the  others.  Among  the  principal  ores 
are  the  so-called  /wco,?,  the  colorados  of  the  Mexican  miners,  wldoh 
are  fomiginous  earths  mixed  with  silver  ores  resulting  from  the 

'  H.  Reck.  Ikni.  utuI  mUeitm.  Xeit.  ISCS,  p.  77. 
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d-ecompositi'.tn  of  argentiferous  sulphides.  De  IUvcto  *  consideTs  the 
Santa  R>5a  d-?p--<sit  not  to  be  a  true  vein,  since  it  is  parallel  with  the 
f.-rmation.  Ti;e  hanging  and  f<»t  walls  are  of  a  different  character, 
and  :J.e  s^r-irue  has  no  ciystalline  comby  structure.  The  mines  of 
Pas«>  •  we-r*:-  d:so."»vere«l  by  accidtrnt  in  1630,  and  are  still  the  m-jst 
uiipi:-rtant  in  the  cijuntry.  Their  production  was,  in  1870  to  1875. 
1.241.SSS  marks:  in  1876.169,849  maiks,  and  in  1877.  178,460 
marks,  the  mark  being  230046  grammes.  The  annual  producti->n 
of  silver  in  P^ra  is  estimate-1  at  about  34-5,000  mark&-  The 
silver  ^-tvs  of  the  nvTth,  and  more  particularly  those  of  Scalpi> 
treiierjlly  c>>s:itin  gold.  These  ores  are  for  the  most  part 
s^-n:  :'t  tr^eatment  to  Swansea,  and  a  smaU  portion  to  Freiber.: 
an-i  Clvjstliiil. 

Or-is  of  mercury  are  widely  ilistributed,  and  are  said  to  have 
been  kLown  to  the  inhabitants  before  the  invasion  of  the  conntrv 
by  E-;r-:'f»sins.  The  deposits  of  Huancavelica  are  the  most  im- 
portant, and  have  been  worked  since  1566  ;  the  cini;abar  is  f>>aii<J 
in  r'arb:<nit*er:us  sandstones  and  clay  slates,  and  is  very  similar 
in  iu  mole  of  occurrence  to  that  of  Alnuden.  Cn;»snier,*  wh<> 
went  out  fur  the  Peru\ian  Government  in  1S51,  reports 
that  thes«:-  quicksilver  deposits  have  nothing  in  (»mmon  with 
true  veins,  but  everything  appears  to  iniiicate  that  the  ore 
w.i5  :r.:r>i;.»i  in  a  state  of  vap-ur  at  the  t:n.v  the  strata 
wvTv  vL-vatvi  t-  t'r.rrir  present  alra.-^t   vertical  i-.-?:t:.o. 

«."  vv'.r  15  •■:'  :r.-  .u-.-:.t  ■•.xurrenx-  iu  Perj.  h'li  '.-id  a:,  i  ir-r.  •.•••.-?. 
ult;.  ■■  T.  i-Iv:.t::  j'..  art-  Jiot  worke^i. 


GUIANA.  \o. 

Ti.r  vciit  rorrit'-r."  "t"  Guiana  is  'iivi  i—j  int-:-  BnLzfli.iri  Guiana, 

W-TivruviiTi  G  ;i:i,ra.-4.  ani  C  •I-aia!  Guinn.     T:.-  cr>t  tw..  ■li-.-ii-i-.L*. 

.:-■'..:  r:5:r_-  r.v-_-six::.*  of  the  entirtr  r-.-.i' n.  ar-   ii  •-•-,-  iL,.:l:id..-.J  in 

Br.izil  ar.i  V..-r:v2-.:r'..i  rcsj^ieotively.  wLiir  ti.v  -a^t  divisivin  is  c-.ni- 

p'St-i   -.t  tho  t'.-rri"  rirs  of   British.  Dt;t..h,  and    French    Guiana. 

0\i-T  '.:.•:■  wL-.-r  •  :  this  large  country  :;■•.■:  is  fijsiai  t»jth  in  j^lac^rs 

ar.  i  :  i  <--ti'..-Aii  i  t:.-rr'.-  can  l»e  no  doubt  tiiat  a  -rnrat  S-'Uth  Amtric-oii 

^•.  i  i-f.-rii  is  rai-ii.y  1— joiiiini:  devel-.-p.-^i  wiiich  {'rct-i^rs  to  rivai 

ti.v  tr.rrv  ^'.-at    ^v  i  i-tt-.iis    -jf  North    .\iiurici».    A"stnilia,    and 

SiU-rij 

■■  A-T.    '.■■'  V  :  ■•.  --'.    -.L  lJS-2.  r-.  Irv. 

-  -  :>z.~  ■-■:  :;    :■-.:  ■:  c:  thV  ML=:  upo::  ::.e  rr>i-::ii=  :f  Vr.-.i-za  Mvuli 

■  A-\'..   i'X'i^-^.  V-:.  :•;   1*52,  p.   1. 
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Vexezuelax  Ouia>'A.^ — The  most  important  mino  of  Veuezue- 

Guiana  is  El  Callao,  wbich  may  claim  to  be  ranked  among  the 

iKest  gold  mines  of  the  world.     The  workings  are  about  sixty 

ithouis  in  depth,  the  lode  varying  from  four  to  seven  feet  in  width, 

th  an  underlie  of  52\     Generally  the  quartz  is   wliite,  but  occa- 

■nalty  it  is  tinged  greenish  by  a  chloritic  mineral ;  it  contains 

lUch  free  gold  with  but  a  small  amount  of  sulphides.     According  to 

'.  Foster,  the  Calluo  Lode  courses  north  and  south  and  dips  west, 

e  country  rock  being  felstone  with  a  little  iron  pyrites.  The  miners 

nsider  the  presence  of  iron  pyrites  a  favourable  sign  with  regard  to 

the  productiveness  of  the  lode.     The  lode  had,  in  18G9,  been  worked 

r  a  distance  of  100  fathoms  along  tlie  strike,  and  is  said  to  die  out 

uthwards.    From  1871  to  1H79,  a  total  quantity  of  67,362  tons  of 

quartz  tvas  crushed,  from  which  252,973  oz.  of  gold  were  extracted, 

1880  the  Callao  Cutnpauy's  mines  cnished  18,624  tons  of  quaitz, 
ving  54,013  oz.  of  meltud  gold,  worth  £205,909. 

The  Chile  Lode  is  probably,  after  Callao,  the  most  important  in 
e  Caratal  district.    The  main  Unle  couraes  E.  10°  N.,  dips  45*  to  00° 

and  varies  from  two  to  six  feet  in  width.     It  consists  mainly  of 
[uartz  with  brown  oxide  of  iron,  chlorite,  talc,  a   while  earthy 
ineral  like  kaolin,  and  visible  gold.     The  country  rock  is  composed 

talcose  clay  slate,  and  a  ferruginous  hornstone  also  frequently 

re.     The  latter   rock,   calk'd   "porphyry"   by  the    miners,   is 

igarded  as  a  favourable  indication  for  gohl.    The  Chile  Company's 

ines  in  1880  crushed  0,762  tons  of  quartz,  giving  14,525  oz.  of 

elted  gold  with  a  fineness  of  912.    The  Potosi  mines  produced,  iu 

880,  23,280  oz.  of  gold,  worth  £90,210. 

Gold  mining,  which  is  the  chief  and  almost  the  only  industry 
f    the    Caratal    district,    dates   from    1800,   since    which  •  time 

December  1879,  a  total  of  770,020  oz.  had  been  shipped  at 
,he  port  of  Ciudad  Bolivar;  the  amount  shipped  iu  1879  being 
07,722  oz. 

Dutch  Guiana, — Gold  digging  commenced  here  in  1875, and 
ihe  development  of  this  branch  of  industry  has  since  marvellously 
creased.     The  production  in  1879  was  679,914  florins. 

Feexch    Guiana. — Indian    tradition'  long  ago   affirmed    tlie 

presence  of  gold  in  French  Guiana,  and  both  Humboldt  and  BuflTon 

ere  of  opinion  that  the  geological  character  of  the  country  rendered 

presence  probable.     The  diggings  of  Pastroplot,  in  the  district 

1  C.  I.*  Neve  Foster.  "  On  tlic   Caratsl  Oold  Fiel.l."  Qiiarf.  Joiirn.  Gcvl.  Soc. 
1.  XXV.  186f>,  p.  236;  "  Concession  relating  to  the  Stateoffiuiana,  South  America, 
ad  Reports  on  its  I'ro<lui>e,   GoI<i  Fields,  Li'.,"  London,  1882. 
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of  Mana,  produced  300  lbs.  of  gold  during  the  first  six  months  of 
1879.  The  auriferous  bed  is  composed  of  quartz  fragments  resting 
on  clay,  with  a  covering  of  fine  sand. 

British  Guiana. — The  rivers  of  British  Guiana  are  known  to 
be  auriferous,  but,  beyond  washings  by  the  natives,  no  mines  or 
placers  are  worked  for  that  metal. 

United  States  of  Colombia. — The  United  States  of  Colombia 
have  been  long  known  as  a  gold-producing  country,  gold  mitiing 
having  been  commenced  by  the  SjMiniards  in  1537.  The  annual 
production  is  now  about  $4,000,000.  The  gold  of  Giron  is  perhaps 
the  purest  unrefined  gold  in  the  world,  as  its  fineness  often  reacheg 
twenty-three  and  a  half  carats.  The  production  of  silver  in  1880 
amounted  to  $1,000,000. 

The  production  of  this  great  gold-field  in  South  America,  north 
of  the  River  Amazon,  was  recently  as  follows :  ^ — 

U.S.  of  Colombia,  1880 $4,000,000 

Venezuelan  Guiana   „ 2,200,000 

Dutch  Guiana         1879 272,000 

French  Guiana           „ 200,000 

Total       6,672,000 

AnGENTlNE  Republic. — It  is  stated  by  Mr.  Rickard,  that  at 
tlie  period  of  his  writing  (1863)  there  were  twenty-eiglit  gold  mint-s, 
the  same  number  of  placer  washings,  fortj'^-six  silver  min<>s,  ami 
eleven  copper  mines  working  in  the  Republic,  producing  3,6.i4  oz. 
of  gold,  418,201  oz.  of  silver,  and  15,032  cwts.  of  copper.-  Cl:ireiice 
King  estimates  the  production  of  the  precious  metals  in  tlie 
Argentine  Republic  during  the  year  1880  as: — gold  $78,540,  silver 
.?420,225.3 

Among  the  most  important  mines  are  those  in  the  i>rovince 
of  Rioja,  wliere  the  formation  is  Silurian.  The  copper  ores  of 
this  region  always  contain  both  gold  and  silver,  while  auriferous 
veins  of  quartz  are  of  not  unfrequent  occurrence. 

'  "  Report  of  the  Director  of  the  Mint  upon  the  Production  of  Prpcious  Metals  in 
the  U.S.,"  p.  543,  1882. 

'•'  F.  Rickard,  "Mineral  Resources  of  the  Argentine  Republic,"  London,  1S70. 
»  C.  King,  "  Production  of  the  Precious  Metal.--,"  1S81. 


ISDEX 


S  8 


INDEX. 


A. 


Absrcarne,  ironstone  of,  196 
Abyssinia,  ore  deposits  of,  514 
Acadia  Charcoal  Iron  Company,  602 
Aconcagaa,  copper  mines  of,  618 
Acton  copper  mine,  692 — 695 
Adderbnry  ironstone,  169 
Adrian  on  Hodritsch  syenite,  333 
Ai]f;banistan,  copper  deposits  in,  433 
Afnca,  antimony  of,  518 

copper  of,  514,  618 

gold  of,  514 

iron  of,  514,  516 

lead  of,  516 

prodnction  of  metalUferons  minerals 
in,  614—518 

qaicksUTer  nf,  51 S 

silver  of,  518 

zinc  of,  518 
Age  of  mineral  veins,  39,  58,  67,  113, 

241 
Agordo  Mine,  349,  350 
Areola  quoted,  74,  261,  812,  882 
Amirie  blackband,  229 
Airedale,  lead-mining  in,  190,  191 
Ajmir,  galena  and  copper  ore  of,  428,  432 
Alabama,  prodnction  of  gold,  silver,  and 
iron  in,  557.  582 

tin  ore  of,  565 
Alaska,  prodnction  of  gold  and  silver  in, 

642,  543,  557 
Albnqnerqiie  d'Orey  on  ore    deposits    of 

Portugal,  379 
Alderley  Edge,  copper  mining  at,  29, 177 — 

180 
Alemtejo,  ore  deposits  of,  383 
Algeria,  antimony  of,  617 

copper  of,  516 

iron  of,  615 

lead  of,  516 

mineral  veins  of,  68 

zinc  of,  517 
Algodon  Bay,  copper  lodes  of,  621 
Alleghany  Mountains,  quartz  veins  of,  90 
Allendale  lead  mines,  181 
AUenheads  mining  district,  188 

spftiboae  iron  ore  of,  159 
rboM.  goM,  862,  268 


Almaden,  quicksilver  of,  104,   331,  374 

376  ;  production  of,  379 
Almeria,  lead  and  tin  of,  368,  375 
Alps, metalliferous  mining  in  the,248 — 251, 

349 
Alston  Moor,leadof,  65,  79, 159, 181—192; 
prodnction  of,  189 
millstone  grit  and  mountain  limestone 
of,  182—184,  192,  193 
Altai  ore  deposits,  407 
Altenberg,  calamine  of,  257 
mining  at,  269 
atockworks  of,  99,  100,  108 
tin  ore  of,  310,  311  ;  prodnction  of, 
310,  311 
Alter  St.  Joseph  Mine,  276 
America,  North,  ore  deposits  of,  109,  619 — 
612  ;  Me  United  States. 
South,  ore  deposits  of,  109,  613—624 
Amroeberg,  zinc  and  lead  of,  393 
Analyses  of — 

antler  containing  tin  oxide,  13 
bluestone,  210 
copper  schist,  295 
iron  ores,  16,  170,  378 
iron  sinter,  60 
lignite,  silicilied,  6 
mine  water,  121,  122 
phyllites,  84 

rocks,  &c.,  by  Sandbeiger,  82 
sericite,  264 
wood,  silicified,  6 
Andesite,  339,  340 
Anglesea,  mining  in,  207 — ^211 

pro4uction  of  ochre,  bluestone,  and 
copper  in,  211 
"Angling  leads,"  601 
Annaberg  district,  silver  veins  of,  309 
Antimony  ore,  271—280,  300,  301,  380, 
445,  473,  485,  517,  566—567 
production  of,   261,   300,   316,   322, 

331,  841,  357,  379,  474,  485,  683 
reefs,  sulphur  in,  88 
Antlers,  containing  tin  oxide,  from  stream- 
works,  13 
Antrim  iron  ore,  220 — 228 
Antwerp,  iron  ore  of,  260 
Aosta  Valley,  copper  of,  349 
magnetite  of,  366 
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^^H^      638       ^^^^^^V^                                                             ^M 

^^^^H          ApcnnUiM.  copper  miiies  of  the,  S&O 
^^^^H          AptwlMhiBU  Ctudn,  an  J«p<nita  of,  Ml, 
^^^H              SSI.  «QB 

Auftrklia,  South,  pmdncticm  of,  4);^^H 

rttgulux  of,  501                   ^H 

zinc  iif,  &1I-2                            ^H 

^^^^^H           Aiucous  *K«ntinn,  f' 

WcilKrii,  cO|>|<er  of,  S04              ^H 

^^^^^H                  MlalioDt.  ni«tatliftfrc)U«  lU'poniU  from. 

kad  of,  &iU                            ^M 

^^^H                                   W.tor. 

t>r»lu>'ti'in  of  rniitirraudw^H 

^^^H          AnuMt  fi-\ 

^H 

^^^^^H           Aicka'*,!!                              K78 

AostriifUt  Kmiiirc,  antimont  of,  3|1^H 

^^^H           AnioiUl,                       "f.  3»U.  301 

341                                          ^W 

^^^H           Argyll  ou'                  ■..hc..^\i.i20 

arwnic  of,  320                            ^H 

^^^^^m           Atgeuti<-ri- 

bUinoth  of;  320.  322.  331          ^H 

^^^^H            Atgentiiitt  R4-iiiibIi<>,  (!'i4 

blende  ot.  330                              ^H 

^^^B            AtBenlite,  Ml,  270,   303— 805,  SIS,  385, 

^^^H           se*.             en 

.•.ol«ilt  of.  v ?,4i              ^M 

cull  wr  ut .                      M  t            ^H 

Ki>l<    or.  :'.  1                    V2,  341         ^M 

^^^^1           AriJsfR,  mines  of,  246,  247 
^^^^H                   niret,  gold  tmm,  ',(32 

ir<in  of,  Slri,  ii\i,i—i3l,  Sil        ^M 

^^^^H            Aruona,   gold   &iid   direr   prodactioa   of. 

lead  of,  319— .S22.  328                ^1 

^^^H 

luivn^iieac  ol,  »-i2,  331,  341       ^M 

^^^^H                   miuiii^  iudiutrics  or.  S3e 
^^^^^B            ArkkUMM,  iron  or  of,  SM'J 

nickel  of.  320.  323,  331,  341      ^M 

production  iii,  319—341             ^^M 

^^^^H                   inlphide  of  tntinioay  in.  507 

pyritc*  of.  319                            ^H 

^^^^^1             Arkend&le,  Ic&il  vrius  in,  }i)0 

iliiirksiUer  of,  331,  341              ^H 

^^^^H           ArkeTi>^rtli  Italo,  {trodurtloa  of  lead  ore 

Kilver  of,  310-332.  341              ^M 

^^^H                      192 

salpbur  of.  83'J,  ?SA,  331          ^M 

^^^^^H           Amiidnlc,  actimonv  of,  485 
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Clausthalitc,  297,  305 
Clayband    ironstone,    jiroihiction    of,     in 

Scotland,  230 
Clay  ironstone,  164,  229,  251 
Clay  slate,  metals  in,  85,  101 
Clear  Lake,  cinnabar  of,  09 
CleeMine,  Fiulaiul,  409,  410 
Cleveland  ironstone,  173,  174 
Clogau   gold  mine,  202—204 
t'luncs,  auriferous  slate  at.  463 
L'oal-measures,  ironstonoa  of,  23.  23,  147, 
168—169 

lead  veins  in,  254 
Cobalt  ore,  274,  280,  300—310,  889.  lo5. 
436,  619 

production  of,  230,  80S,  S1<t,  320,  ;i;)l, 
341,  379,  390,  391.  397,  408.  fiSa 
Cocchi  on  rocks  of  the  Aiwiiiiilics,  H50 
Cochran-Patrick  on  Scottish  milling,  224 
"Cockade  ores,"  43,  805 
Cockleshell  Limestone,  188 
"  Cockshutc,"  195 
Cogne  Valley,  iron-mining  in,  365 
Coienso  on  Happy  I'nion  Htreaniwork,  9 
Colette  on  Bilbno  diatrirt,  ii77 
Collins  ou  antler  iMXiiaining  tin  oxide,  13 

on  Carn  Martli  !<cm1c,  47 
('ollyweston  slates,  1 70 
Colombia,  gold  and    silver  of,   (Jlil  ;  (iro- 

duotion  of,  624 
Colorado,  gold  and  silver  of,  104,  643,  660, 
557 

iron  of,  682 

lead  of,  503 

lignite  and  ha>mnti(e  of,  581 
"Colorndos,"  62 
Colusa  County,  cinnal>ar  from,  69 

sulphur  springs  of,  87 
Combes,  n;f«fiinc«  to,  87 
Corabs,  andcOMiby  lodL-«,  44,  77 
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•  •-"  arr,  257, 297,  soi— so 

370,  375,  407 
and  M  tiller  on  gKj  gneii 
Connter  lodes,  11 4 
Country  rock.  30,  41,  12,  62,  i 
Coarse*  of  ore.  49 
Cnig  Given  Vein,  159 
Crujnare  Mine,  227 
Credaer  on    St.   Andreasbi:rg 

2S6.  2>7,  5«9,  573 
CnswicL,  fossils  in  deep  leads 
Cro^b&n-Kiiishella,  gold  near, 
Cromuir,  septaria  of,  24 
Cpocebane  copf-cr  ore,  &c.,  21> 
Crosiier  en  Prnirian  quicksili 
Crcst-cf.nrse*.  31.  US,  14P.  2i. 
Crosi  Fell,  lead  and  iron  of,  1 
Cr.i5»r'.-]d  Irc>n  Company,  162 
Cross  Gill.  Ii5 

Cr:»*-Trin«.  31,  113—120.  1S1 
C;il!u  svrirs,  113,  25'> 
Ctia:5.*rlan.i,  infi^ience  of  com 

•:4 

lead,  iilvrr,  and  zinc  of,  1 
rfi  himsiite  of,  16<3 — 16^ 
Cuprlieross  pyii^irs  of  Spain . ! 
>.•:■:■:•! r-Lj:t!_  i  :.  :■.;  Curd*.  Corns: ock  rocks  assayv 

V  ;-ttt-  ttt.::'^^   li.-.  i.'.'.  i.v.  JOS — S:i,      C-wn  Eisen  Mine,  202,  204 

M«. ;.;  ".  r.r.r.  r  **  pn>dnotii-.n  of  gold  at,  20^ 

C:::*:    bj  iJ-.;ii.     :7r— :•:■  C-wm  Ysnrrth  sines,  199 

.■"  — .«.-  -fs-  il 


-    T«t;i    i".tfif 

•-!  lr:.:i»-l-  -1  i-:- 

^■^^Jr.^  i.  _  -it.  -"r — '':■ 

-.r.'.zi.'j:.-!-  ::'  si  vtr 

fr^Si.  J2? 

CT»-i-S:>I:t  h'T^.TETt.  1 

.-r 

CzK-iirr  r"';TK^  ■■^-  i:  . 

L:si— --:7 

C3iiii-rT;.cL":r:i  :.rt4  ..; 

:.  f-'i 

I:<^-A'Z  iiT'OK-i.  I' .  '.'■', 

•r  31.*-  -- 1  -  ewlT  tri 

k.^  tjj:.  ... 

Cx*  t  iL::L*-_  X:^:.  1: 

C-i'luaT"--  r:T';«:T  r.ii.«  - 

riT.  '::• 

rKOiC.  'fcrir  iSf  ;.f.    i:. 

i.-u^-  ::•■ 

::.  ftrri^iz  rci  .•■'iTtr 

;is.  li. 

•J.  cmsa::.!..  :■: 

3.  JLiLi  v^^er.  '.  r  -  ; 

:  iL  Ma  v-i:cr, 

,  S4 

n  s.-:i.  H   :i: 

TC-.-'f-J-Ti:---  £••:.  :i;- 

-:m.  :.-5.  2 

22 

.-  -  -     ;..-"i     .-  r  -      .'.^ 

. — i-f".  571— 

i'ii 

sr^'."ir:.^*7.  47J.  47=-. 

4i.. 

*.-:.  «ri— :■  ■*.  ;:?.  r-f.i— ;.7'r.. 

f-jf, 

:r;.  'Ir.  fi: 

V.  I.-  -.-Si^ii.  :■:' 

:.'.i.-*». 

Cr-.'Zuz-zri.--:    4.;l;s: 

:'i   >!fc=*5.;i. 

A" 

D 

!■  Mi 

I.  *:br..l 

:-i:.d-.  ; 

"■j.S  : 

■<'■.' 

r-ii-_ 

,;rr'r 

'U 

^oli  ■.•: 

.\- 

strii 

4:' 

.-.  4 

t'.'.  4  7 

'.   474. 

4;0, 

is: 

r.u. 

.   »'W. 

.-.  ■..-... 

.•;:oii  v-: 

■  g'.>'i. 

lI    ill 

r  r 

••      r 

I  •:!.'■ 

^•.^r.i 

:i.  .:■. 

l-j-^-^i: 

s  of. 

cr-i 

r>i".T 

M. 

:.-  His 

:*,  !•>? 

r';.:.i  ::. 

.  iisit: 

-riitr.  ."■■: 

.••5 

lu-. 

ii.M 

[-.r.r.  i- 

■■J.  4i4 

i'i-_-; 

fl'j 

L-.Jr. 

1*. 

I'ii.: 

."U.- 

^ri.  L--: 

n  ■.•r-r  t 

>5; 

.:■*  -:  -r--_s  .:.  :*.  4-.  j-_  ;.5.  e:.  -:.  ■•:.•:■ 

1 ".  •    ". ■  T  Pir;-.l:r.j  ■-■■.■•rT-rr  I'Tr.  4?.'i 

-..'.^    ..>  ;  f.  i~  T>ir'.r\  I>j.'.t  TT.iL'.jiz  iU:ii.:,  li 

■  .-..-.:  :.!■■:-. .'.i-  -f.  ,^:.  .";.  :::— :;^  l>ii\:zz:::i<i.  Burf.i  Barr.i  Mi; 

.  •   -     :".  ';■." — 14?      jr.-»i:;:i-:L   ••'.  o::  Mi::-.-.*^  Irid  r.iiLts.  2"." 

'..■'. — ■-*•■  <:■-  Wy::iaiifl.;-£c'.is.  41 

•  ■  ;.-::'%.*  L-. :.  j:;^*=.w:;i!  .:".  5 —  I>ir:r.;-or  ii.i:;:::,:  Jisrrl!:,  14i», 

.-r.  .-.-  Diurr^e      cr.      irvir.ri^!      pro 

.:    ■.  > — 1.,  :1.  ',.'..  117,  li4 — 14^,  ~';:r.-:r,ils.  :j» 

:  •-.'.-■  . :.   .::    .4;  .  :r;'i-.u:::  ::,  'Z'-:-2 

:i':    '.ti  c-:.  TniLrrsi'.s  ,»<*■■.■•;;«•  i  »::: 

■  ■■'  1''     :r:>::::::r  :'   IJ?  Divey  ■-;;  >:.v,r  of  Ntw  Suu::i 

ti..  .  ■■:>•  ".  .■■;.  M'.f.>.  ".r-  ^71  Pi»5T.  ?::  it--'-:  of  Rri:i>h  C-.v 

■k..  ".•.'.■    .  :  .---.y  .  !.-.i..  ■-::.  :rs  cf,  — :'  > 

—  :"•  P.ir.  ■:.:;  ir-.M  v-ir.s  in  Wale*.  : 

:.a:  ■.:'.    ;".-->.ir.; ;  r*::'*    :.",    '".'..  !'«=  Kor^-s;  Mini:.;:  .\ot,  15S  ; 

of  Dean 


^^^^^^^^^^^^     INDEX.      ^^^^^^^^^^^^^^^B 

'  1>eehen  on  qnicksjlver  mines,  878 

Domesday  Book  and  Dean  Forest  iron,  150       ^^^^B 

De  la  Beilie  on  rnults  in  vcitu,  88 

Dorothee  Mine,  283                                                    ^H 

oil  rocks  of  Derbyshire,  1{>4 

Douglas  on  antimony  and  copper,  567,  SM              ^^M 
Douk  Bum  Vein,  187                                                 ^H 

on  tin  veins  iinil  i-lvans,  llS 

Delaware,  production  of  iron  ore  in,  582 

DoTTC  ore  beds,  386                                                      ^H 

Delif?  Ix^le,  19« 

Dowlaia,  coal  and  ironstone  of,  28,  190                    ^H 

Delius  on  lateral  aeeretion,  81 

"Downthrow,"  meaning  of,  18,  19                          ^^M 

on  Rammiflsberg  ore  deposit,  287 

Dradgo  lodes,  51                                                                  M 

on  vein  fiasnre«,  75 

Dredging  for  iron  ores,  14                                              J 
Drifts  of  Victoria,  455—459                            ^^■1 

Del  Mar  on  yield  of  Corns  ock,  533 

Denbighshire  mining  district,  204 — 207 

"  Droppers,"  meaning  of,  41                                ^^^^^| 

prodaction  of  lead  and  silver  in,  207 
D«  Kance  on  whin  aill,  186 

"DrnEes."41                                                     ^^^H 

Ducktown,  copper  and  iron  of,  573 — 575>             ^^| 

Derby  on  gold  mines  of  Brazil,  013 

580                                                                        ^^^M 

Derbyshire,  clay  ironstone  of,  185 

Dufrenoy  on  Kaurie  iron  ore,  248                     ^^^^^| 

copper  of,  194 

Duren  district,  265—269                                     ^^^H 

country  rock  in,  64 
griUof,  192 

production  of  lead,   zinc,  and  blemle      ^^^^H 

^^^H 

ironstone    of,    167—169 ;   production 

Durham,  iron  of,  155,  15S,  165                         ^^^^| 

of,  169 

lead  of,  180,  189                                                 ^M 

1           lisad    of,    64,    192—194,    205;    pro- 

production  of  lead  and  silver  in,  189         ^^^^H 

^^L        d  action  of,  194 

Durocher  on  subliumtiou,  80,  81                      ^^^^^H 

^B     silver  of,  194 

Duteh    Kast  lndies,tin  ore  production  iu,     ^^^^^H 

^Bb  Rivero  on  Snntn  Rosa  deposit,  622 

^^^H 

Derweut  lead  mines,  181 

Dutch  nuinnn,  gold  of,  623                               ^^^^^H 

Dent)!  district,  production  of  lead  ore  in, 

267 
Devonian  system,  ore  deposits  of,  15,  24, 

•■  Dutchman's''  adit,  194                              ^^^^H 

^^^H 

155,  253,  262-280 

'^^^^^^1 

Devoiuhire,  copper  of,  149—154 

^^^1 

l«!adof,  149—154 

^^^^H 

masnetite  of,  26 

production  of  tin,  copper,  lead,  and 

East  Bljick  Craig  Mine,  production  of  lead            ^^H 

and  blende  at,  228                                           ^^^^1 

silver  in,  150—164 

Eflst  Craven  Moor,  lend  mines  of,  102               ^^^^H 

tin  of,  161—153 

East  C'rinnis  co]<pcr  mines,  136                        ^^^^H 
East  Hud  Uvell,  96,  97                                  ^^^H 

Devon  Great  Consols  Mini',  production  of 

copper  at,  1 49,  1 50 
Diallogite,  81,  303—305.   333,  339 

EHst  Huel  Rose,  132                                             ^^^1 

East  Indies,  antimony  oJ,  445                                 ^^1 

DieH'enbach  on  the  Kiseuberg,  261 

copper  of,  446                                                                1 
gold  of,  445                                                  ^^^J 

Dicstcrvreg  on  lead  lodes,  266 

Diealafait,  reterence  to,  84 

^^^^^B 

DiM  district,  production  of    lead  ore   in. 

platinum  of,  445                                          ^^^^H 

267 

Quicksilver  of,  445                                               ^^H 

Diilc'uburg,  copper  of,  269 
hainatite  of,  271 

tin  of,  445  ;  production  of,  445                          ^^H 

East  Pool  Mine,  production  of  cnp]N.<r  and             ^^M 

Dindorus  Siculas  on  metaUiferous  veins. 

tin  at,  131                                                              ^H 

73 

Ebbw  Vale  irouiitonc,  154,  196                                   ^^U 

Dip  of  Htmta,  17,  31 

Echunga  gold-jield,  495,  496                                    ^H 

Distributimi  of  ores  in  lodes,  48 

Ecton  copper  mines,  194  ;  production  of,              ^^H 

Dixon  un  lead  ore  of  India,  428 

105                                                                              ^H 

Dobschau,  lodes  of,  337 

Edder  alluvium  gold,  from,  261                                 ^^M 

Dodder  Valley  gold,  218 

Eddy  on  lead  veins,  191                                             ^^% 

Doelter  on  Vjixpsii«tak,  840 

Eggerte  on  Falon  copiwr,  394                                          1 
Ehrenberg  on  lake  ores  of  Sweden,  ail?             ^^^^B 

Doa;5er,  169,  174 

Dol«>»th  Mine,  59,  130—132 

Ehrenfriedi-rsdorf,  tin  of,  311                            ^^^^H 

deepest  in  Cornwall,  130 

Eibeustock  district,  ore  dsiwiuts  of,  310          ^^^^^M 

iron  sinter  of,  59 

Eifel,  lend  of  the,  29,  265                                  ^^^M 

pnxluctiou  of  cop[iei   iiiid  tin  at,  130, 

limestone  nf  the,  268                                 ^^^^| 

131 

of  the,  268                                             ^^^^1 

Dolerites  of  Ireland,  220 

Eights  -,  see  ShefHird  and  Eights.                        ^^^^^ 

Dolgelly  gold  district,  202 

"Dollar,''  derivation  of.  from  "thaler," 

Eiaenberg,  copper  ami  gold  ol,  261                      ^^^H 

•'KisenierHnt,"52 

817 

Eislelx'n  mining  district,  291,  202 

Dol-y-frwjnog  Mine,  202,  204 

Ekaterinenbnrg  ore  dv|ioaits,  402 

^B- 

<^" 

634 
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Ell*,  iron  of,  24,  342,  854,  356 ;  produc- 
tion of,  357 
Elbinserode,  prodnction  of  irou  at,  297 
El  (^lao  gold  mine,  623 
Electric  cortenls  in  veins,  78 
Elrmns  62,  111—113,  118,  120,  128,  129 
Emnu  Mine.  105,  106 
Emmona  on  Leadville,  104,  545 
Ems,  dar  slates  of,  85 

lead' lodes  of,  265 
England,  ore  deposits  of,  109 — 195 
Ennquita  iiuicksilver  mine,  558 
Ernst  on  Italian  mines,  343,  344 
Enist-Angast  Mine,  283 
Errington  de  la  Croix  on  Penik  tin,  443 
Erul>esoit<^.  194,  304,  308,  338 
Erzen(:rl  qniiksilver  mine,  278 
Engebii>re,  antimonv  of  the,  301 

black  micas  of,  83 

copper  of,  801  ;  production  of,  307 

gold  of,  801 

iron  of,  301,  311,  312  ;  prodnction  of^ 
312 

lead  of,  301  ;  prodnction  of,  307 

manganese  of,  301 

mercury  of,  801 

mining  in,  310 

nickel  of,  301  ;  production  of,  808 

silver  of,   301,   308 ;   production   of, 
307—309 

tin  of.  301.  309—312,  317 

zinc  of.  301 
Eschwege.  gold  from  the  Edder  by,  261 

on  tin  ore  of  Valongo,  3S2 
F-<kK\nk  Iron  Oouijiany,  4S5 
Espi-daK-n  nickel  mine,  3S0 
F.>.tyn-.t<.-<.>ii  Lod<\  IS'5— inl 
EiiKt ;».  V  hninio  ore  of,  SS.'i 
Eurvka  (.'oiisulidati-d  Mine,  10 j,  106,  534 
Kvaiis  oil  Turys  Mountain,  207 
EviTwyi!  on  Kast  Indian  tin.  Hi 
Evora."  on-  drpoMts  of,  3bO,  SSI 
ExiiKuT,  sj-alLose  iron  ore  of,  155 
Eimouth  Mine,  151 


F\iii  HAM'S,  3"»,  6."..  66,  102,  108,  884— 

?.'4 
Fahlrr/.    305,    324,    3-2'.,  33:.— 339,    345, 

620.  rt-Jl 
Faller  on  I>ol->schaii  lodes,  337 

on  Sohniollnitz  ore  d^iHisits,  336 
Fahiu  oopjvr  ore,  3".»3  ;  pro<luctiou  of,  394 
Fhti'v's  '■  Mincnds  of  Derbyshire  "  quoted, 

193 
Fasten! ktj:,  silver  acd  coKilt  of  the,  310 
Fatilts.  !!;—■.••.•.  3.1,  1S6,  190,  195 

r^vtrse.!,  21.  40 
F.inlt  v.ins.  190 
Fawler  ir\>nsto!.i',  U>9 
"Fcd.r»'r.:."212 
"  Fieler-.."  nuantii;;  of,  11 


Felsobanya  mines,  335,  336 
Fichtelgebirge,  iron  ore  of  the,  312 

phyllites  of,  84 
Fifeshire  slatyband,  229 
Finland,  iron  ores  of,  13 

ore  deposits  of,  408  ;  prodactioo  o(, 
410 
Fissnies,  52,  107,  103 
Fissure  veins,  87 
FlagsUff  Mine,  105 
FUts,  94,  187,  190—193 
Flintshire,  lead  of,  205 

production  of  lead  and  silver  in,  2<i7 

red  hematite  of,  195 
"  Floor,"  meaning  of,  18,  99 
Florence  mining  district,  345,  350 
Florida  mining  district,  616 
•'  Flotz,"  295 
"  Flucans,"  31,  66,  118 
Fluor  spar,  41,  84,  98,  117,  803—311 
Foliation  of  stanniferous  rock,  kc.,  lOl, 
Foord  on  gold  nuggets,  461 
Foote  on  Indian  gold  and  iron,  424,  ii'i. 

439 
"  Foot  wall,"  meaning  of,  30 
Forchhammer,  analyses  by,  82,  85 
Forest  beds  over  tin  ground,  12 
Forest  of  Dean,  early  iron  trade  in,  156 

iron  of,  155 — 158  ;  production  of,  IM 
Formation  of  mineral  veins,  77 — 83 
Fossils,  casts  of,  in  galena,  94 

in  ore  deposits,  4 — 16,  24,  28,  6t,  67, 
94,  165—169,  173,  222,  27S,  800, 
400,  453,  476,  520,  563 
FossU  wood,  gold  in,  73,  449 
Foster,  C.  I^e  Neve,  on  gold  of  Gui»i;i, 
623 

on  Huel  ilarj-  Ann  Ix)de,  46,  47 

on  impregnations  of  tin  on;  96 

on  Park  of  Mines,  133,  135 
Foster  and   Whitney  on    Lake  Superior 

copper  rt'gion,  568 
Foumet  on  niiiicral  veins,  30 
Fowey  Consols  Mines,  35,  136,  137 
Fox  on  electric  currents  in  veins,  78 
Foxdale  Mines,  211,  212 
Framont  iron  ore,  23S 
France,  antimonv  of,  251 

blende  of,  235 

copper  of,  233,  243.  251 

gold  of,  231,  232,  247  ;  produetion  o'. 
232 

iron  of,  23,  232,  233,  238,  246— 24S 

lead  of,  2;{4— 243,  251 

niaiij;ani'S<'  of,  251 

j)rodui'tion  of  metalliferous  niiuiT',l> 
in,  251 

silver  of,  234—243,  249—251 

tin  of,  233 

zinc  of,  233,  251 
Frankenberg,  coppt^r  ore  of,  2S 
Frauklinite,  577 
Frank  Mills  Mine,  151 
Free  Miners,  Order  of,  158 


m^E^^^^^^^^^^^iS^^^H 

^Hceiberg  district,  deepest  sinking  at,  807 

Germany,  iron  and  iron  ]iyriti:8  of,  13,  23,             ^H 

^H      ImkH  of,  46,  302—307 

262,  271—276,  280,  2!)7,  800,  801,              ^H 

^^m      production  in,  S07 

311—316                                                          ^M 

^B      sUrer  of,  05,  301 

lead  of,  28—30,  262—268,  286,  S8».             ^M 

vein  mAtcilAl  of,  54 

307,  312—316                                                  ^H 

Fi«iesl«l>«nitc.  304,  305,  307 

manganese  of,  280,  298—301,  816                   ^H 

French  Guiana,  gold  of,  623 

mercury  of,  270,  277—279                                ^H 

Fresnillo,  silver  lodes  of,  61 1 

nickel  of,  271,  274,  280,  308.  316                    ^M 

Prick  on  copper  in  clny  slates,  85 
Friedrich-Christian  Vein,  56,  67,  276 

production  of  mctalliferuus  niincmlii              ^^| 

in,  300—316                                                     ^M 

Friedriclisroda  ilistrict,  pyrolusite  of, 

299 

pyrites  of,  2S0                                                      ^^H 

pTiedrich-WilLclm  Mine,  289 

silver  of,  270,  274,  275,   280,    296,             ^M 

Fronie,  fossils  in  veins  of,  67 

307-309,312,316                                       ^M 

Fion  Gocli  Lode,  198 

stockworks  of,  99                                          ^^^^H 

Fnie  on  Silver  lalet,  6B9 

tin  of,  301,  309—312,  316                       ^^^H 

Fumarolcs,  nietalliferou*  dciwsits  fron 

1,  87 

ur.iniuni  of,  31G                                           ^^^^^| 

Furaess,  ml  hurmatit*-  of,  160— lrt4 

wolfram  of.  316                                                ^^H 

Funifajclm  on  gold  uf  Fiuluud,  410 

zinc  of,  202,  268,  26!t.  289,  313—316      ^^M 
Oerulstt.'itj,  IcuJ  ores  of,  29                                 ^^^^^H 
Gesucr,  tin  ore  working  by,  665                       ^^^^^| 

G. 

Geyer,  stockworks  of,  99,  100                          ^^^^| 
production  of,  311                                    ^^^^^| 

"Gabbbo  bosso,"  360,  351 

Geysers,  metals  from,  81                                 ^^^^H 

Galena,  59,  165,  200,  267,  308,  318, 

824, 

Gill  on  BilUiii  iron  ore,  376                             ^^^^^| 

326,  338—340 

Gippslaud  gold-lields,  453                                ^^^^^| 

casts  of  fossils  iu,  94 

Girou,  gold  of,  624                                          ^^^^| 

Galicia,  iron  ore  of,  316 

Gladbo^,  zinc  and  lead  of,  268,  269              ^^^^H 

"  GaUionella  ftrniginea, "  397 

"GlaTnin,"340                                                ^^H 

GaniVxk  metftlliferoTis  deposit,  615 

Glamorgaiuihire,  clay  ironntonc  of,  165           ^^^^^| 

"Gauguc,"  2,  41 

red  hiematite  of,  196                                ^^^^H 

Garcia  on  tin  of  Sjiiiin,  375 

Glusdir  Mine,  204                                            ^^^H 

Garhwal  copper  mines,  433 

Glen<lalough  lead  veins,  217                           ^^^^H 

Garnets,  326,  841 

Glengaiitf  iron  ore,  220                                       ^^^^^| 

Garuier  on  nickel,  513 

<<  Glaucii  "  lmk-8,  338                                        ^^^H 

Garrigill,  lend  vi-ina  at,  188 

Goddelsheiin  niuies,  262                                    ^^^^H 

Gaah  veins,  30,  92,  108 

Godinhodc  Ercdia  on  Viontann  ore,  443               ^^H 

Gatterer  on  IUiiinii-lsl<erg  ore,  287 

Gold,  early  known  in  Britain,  110                   ^^^^M 

Gandalcunat  silver  mines,  367 

in  alluvial  detritus,  2                               ^^^^M 

Goister  Lode  (Buh«mia),  321 

in  foseil  wood,  449                                    ^^^^| 

Gt'Ilivara,  ircui  on-  of,  398 

in  gossans,  53                                           ^^^^H 

Genesis  of  niincml  veins,  73 

in  ngregated  reins,  90                             ^^^^H 

Genoa  mining  district,  349 

in  tin  streams,  138                                     ^^^^H 

G«ological  Surreys,  references  to,  217, 

520, 

production    of,    204,    218,  227,    298,            ^H 

685.  686,  693,  594,  600,  604—608 

310,  322—332,  341—344,  357,  379,            ^H 

George  and  Charlotte  Mine,  145 

400-410,  420,  447.  457,  471—476,             ^M 

Georgia,  copper  ore  of,  673 

487,  489,  497—557,  S83,  585,  602—           ^M 

1               gold  and  silvtr  of,   657  ;  production 

^^^M 

of,  557 

See  tinder  Names  of  places.               ^^^^H 

iron  of,  581 ;  production  of,  682 
Gerbstedt  mining  district,  291 

Gold  mines,  sulphur  in,  88                             ^^^^| 

Gold  nngget/1,  401                                              ^^^H 

Gerhard  on  latei^  secretion,  81 

Ooldbach,  gold  from  the,  262                         ^^^H 

on  vein  fissures,  76 

Golden  Age  silver  mine,  477                           ^^^^H 

Gennauy,   antimony    of,   271,   280, 

300, 

"Golden  Chersonese,"  443                               ^^^H 

310 

Golden  Kivers  Comi>auy,  457                         ^^^^| 

aracnic  of,  316 

Goldisthiil,  gold  mining  at,  298                     ^^^^H 

bean  ore  of,  29 

Goldkronach,  85                                              ^^^^1 

bismuth  of,  808,  310,  316 

Goldlauter,  inetalHferoua  ores  at,  299            ^^^H 

blende  of.  269.  314,  815 

Oondvana  rocks,  437                                    ^^^^H 

calaniiui-  of.  276,  318—315 

Congo  Soco  gold  mines,  616                            ^^^^^^ 
Good  Enough  Claim,  537 — 540                      ^^^^H 

chamber  deposits  of,  105 

cobalt  of,  308,  316 

Goslarfllate,  286— 289                                         ^^^H 

copper  of,  262-269,  274,   280, 

289, 

■<  Gossans,"  52.  63.  69,  197                             ^^^H 

^            286,  300,  307,  315,  316 

Gotteg  Hiilfc  Mine,  386,  387                          ^^^H 

V' ""'■"■ 

Grabill  on  Bossick  Mine,  547—550               ^^^^^ 

lyDEX.       ^^^ 

i^ 

^^^B         OnaiU,  ittprrcnation  of,  by  tiluiimc,  9« 

Hjigur    on    lui  1 .  •  r .  1 

,:.J 

^^H                adaanl  TeSw  In.  lU-14t,  149, 

ail. 

254 

^^B 

uu  nickrl.  ii; 

^H 

^^^H          OnuMingtou  mine*.  100— 1P2 

ou  Kussian  til 

^1 

^^^^1           GnuxHi.'.  .o|.i>'r  mine  at,  817 

llainaalt,  limonit. 

^H 

^^^1 

"H»lv»iis."  12S 

1 

^^^K           Or^o                    »inp;  lit, -^31,  SS'i 

"  Hanging  wall," 

^^^^^       (-:                                                                                  <tl7 

Haaorer  irtw'  - 

^H 

HaDDT  Unioti 

'>(.'.  117  H 

Harcna  w  ^ 

••'7       ■ 

U»m7  1 

U*n,  ail 

1 

^         GrtMt  Xvutli-WcAi  Cuuiii*ay  at  BttUant, 

COj.| 

^^H               464 

iniii 

^H 

^^^^H          OtMt  8t.  nemard  Valley,  iron  ore  of. 

355 

^H 

^^^H          QrmX  Sulphur  Vein,  180,  187 

^^^H             Otmoc,  1>lrnJ<>  of. 

^H 

.,  >.'■•)  </,lH 

^^^^H                  chroniiniii        SOti 

mm. 

^^^^B                   g""^gy  <>'>  ^^7,  35A 
^^^1                   (jold  of.  .S59 

nick- 

^1 

pvritu*  of,  iS<i 

^1 

silver  of,  275,  2S0,  -■'             ■ 

^^^^B                    iron  of,  364,  805 

Hangerode  tn- 

-^m 

^^^1                           of,  259— 3«e 

Hmu  Badoo  .. 

^H 

^^^^^^_           magnento  nf. 

JIh"-"'"""  "" 

-  'g^^l 

^^^^^^^H          niAiigKnMr  ' 

H» 

^^^^1 

^^^^^^H          prodoctioii '                 "in,  804 — 340 

lUf 

.^^^^1 

^^^^^H                               3&U 

Ileal,  iu    iiiiui^,  ^-i'J 

^^^^H 

^^^^H                         304— sec 

IIpATO  of    linlrs,    Ifl, 

3S.  1»    ^^M 

^^^^^^^    OlMOWell  un  <.<ii)p(ir  Miidttonr.  170 
^^^^H          OlWory  on  tin  neldn  of  QueenaUuid, 

191 

H.,'                  " 

'  ;Col4^^H 

Jit, 

^  iur^^^^^^^^H 

^^H         "Oniaui,"  loo 
^^^H         Ongr  gnoai^  05 

IK.il 

Henckel  on  fo; 

Tdina,  Tt^H 

^^^H          Oiiinin  on  Off-^nlidnyt  889,  340 

Ifengistbury  II                                   ^^ 

otv  of,  a  ■ 

^^^H           Orindatonp  (ill,  I6S,  187,  192 

HcnwcKxl  on  ciu-lxiau.  ^5                 ^H 

^^^^H           riritiiton<<  ht^U,  lf«d  ore  from,  189 

ou  Comiah    miniiij;,   111-114^1 

^^^H            nro<!:                  >1.  43,  P3,  S«4.  2(S5, 

270, 

143 

■ 

^^^H 

on  country  rock,                          ^^ 

,62                   ■ 

^^^^^_    nrnK>..  K. .             Z'H,  326 

on  Iwlea  of  ChaUncbra,  S49      '^M 

^^^^^^^H    OriitipiiiK  of  niitiemlB  in  Imtm,  53 

on    nietalliferoiu  rciiia,  66t  I^| 

^^^^^^^m    OtiiiTiHiund)  niinc>,  410 

101 

■ 

^^^^^V           Gu4>nvvc>iiii  on  oiiniu^  nt  I'oiilgilMad, 

S40 

on  ore  depoaita 

o(   Brazil,  IsiUH 

^^^H           Guiai'iB,  g«))d  of,  rt23,  rtS4 

488.  435.  44'?. 

VSS.  613       ^M 

^^^^H           "Guides,"  meiwilig  of,  113 

one-. 

■ 

^^^^H           Giiiltl  of  inincre,  157 

Herbert..; 

H 

^^^^H           Ounni«  lAke  Glitters  Mine,  1 15  ;  produc- 

HeH'- 

.  .^,  304,  SOS  ■ 

^^^^H                 tlnn  of  courier  (it.  1 45 
^^^H            Guilt  (|Uutod.  2(17,  279.  300,  384 

H.r 

ore  uf,  900         ■ 

llii 

■ 

^^^^H           Utile-Gottra   Mine,    275  :    production    of 

Kerud>t»ul    Mil..,  140—143             H 

^^^^^^H    Guiilior          or«, 

prniliiflion  nf  trail  at,  14S         ^M 

M  ,                 '  -    ;    , 

^  OI.  »QI               I 

^^^^^^^H  Gwrtitmp  niiiiitic  dlatriot,  63,  129,  182 

;s8 

^^^^^^^  Gwyn-frwyuog  Mine,  304 

<•■•    ..ii  •<  I 

^^^B           "GypMMiilott«n,"27 

llerxog  (ioorg  V 

uaft.  2»8 

^^^^L         Gypmm,  S0a-S05,  338 

Ue^ae,  copper  . 
prvx)  action  ..f 

:        ^ 

^^^^v 

llettstedt  mining  di 

292fl 

Heurteaa  on  gold  ol  Mew  i  «U-4ooia,llf 

^^^^V          Hacrkt  on  AnstrAlian  gold,  471 

Hewaa  tin  mine,  136 

^^^^H                   OD  Indinn  It-ad,  428 

Hiddenhok-  Mine,  18S                         ^ 

^^^^1            "  Hade, "  meaning  of,  20 

Hideberg  lead  mine*, 

262                   M 

^^^M           ITiematitc,  24,  25.  94,  137, 160—170, 

195, 

Hiendelaencinji  silvei                           ^^ 

Diinii,  367      ^1 

^^V               197.  313,  251,  297,  301,   308,  310, 

353. 

Uiniiiielfabrt  Minis  prwluctiou  of.  3|H 

^^^                *«^  306,  382.  383,  404,   441,  516, 

581, 

IlinitncUfurat  Miue, 

305;    producdfl 

^^^^H^HH9*i!n^          *i^B 

cor 

M 

ITodge  on  Wuronal^^^^^KS 

Idritt,  qnii!ksuvWflfrS16rS2« — 831                         ^^M 

Hodntsch  idlv«r  0"t/Kt^f 

Igelstrom  on  Pt^sberg  ore  beds,  395                          ^^H 

Hofer  on  lodtss  of  Esflnfll^^SS 

Igneous  iijjiectiiiu  of  uiim-ral  veius,  77                       ^^B 

on  TrauHj-lvBtiia,  338 

lliV'Id,  producti'in  of  manganese  at,  297,             ^^H 

Hoffman  on  formation  of  lodes,  H 

^H 

Holywtll  district,  load  of,  205 

Illinois  lead  region,  562                                            ^^H 

llolzappol,  clav  slates  of,  85 

llmennu  district,  pyrolusite  of,  299                    ^^^^H 

lead  of.  2«2— 265  ;  prodaetion  of,  265 

Iroprcguations,  30,  94,  103                                ^^^^H 
India,  copier  of,  430 — 435                               ^^^^H 

Homestake  mining  district,  551 
HopiH-nsack  on  Almaden  deposits,  375 

goldof,  411— 425                                         ^^^H 

Horubl.iid°.  S2.  83,  326 

u-on  of,  436—443                                       ^^^H 

Horn  silver,  476,  611 

^^^H 

Homstone,  303—305,  370 

mines  of,                                                     ^^^^^| 

*'  Horse,"  ft  mining  term,  35 

iiiclcel                                                         ^^^^H 

Hongliatetter,  mining  in  Britain  by,  110 

ore  deposits  of,  411 — 443                            ^^^^H 

Hoancavelii-a,  mercury  of,  622 

production  of  copi>er,  gold,  iron,  and            ^^| 

Huantajoya,  silver  mines  of,  621 

lead  in,  420,  427.  328,  431,  441             ^^^M 

Hiibner  ;  »«  Kichter 

segregation  of  ore  in,  92                            ^^^^^B 

Hucl  Betsy,  144 

^^^^H 

Huel  Clifford.  121,  122 

flulphur  in  auiiferous  quartz  of,  88           ^^^^^| 

HuelCoclc.  124 

^^^^H 

Huel  C'rebor,  145 

Indian  Arohipelago,  detrital  tin  ore  of,  13        ^^^^H 

Huel  Crofty,  49 

Indiana,  iron  ore  of,  581  ;  production  of,            ^^H 

Huel  Edward,  125 

^^^H 

Huel  Eliza,  136 

Inrusuria.  lake  ores  produced  by,  397              ^^^^^H 

Huel  Friendsliip,  production  of  eopiier  at. 

luterbection  of  veins,  36,  124                           ^^^^^H 

150 

lonra  lead  region,  562                                        ^^^^H 

Kuelgoot,  l«ad  of,  43,  234,  235 

Ireland,  copper  of,  213,  223                             ^^^^H 
gold  of,  213,  217—219                                       ^H 

"pebble,"  142 

Teinstone,  42 

iron  ore  and  iron  pr rites  of,  21 S — S2S             ^^H 

Duel  Ludcott,   143 

lead  of,  213,  217    '                                      ^^^M 

production  of  silver  and  lead  at,  144 

li^ite  of,                                                  ^^^^H 

Huvl  iMarin.  149 

mines  and  mining  in,  213 — 224                 ^^^^^| 

Hu«l  Marv  Ann.  46.  47,  140—143 

^^^^H 

UuelSetoil,  49,  121,  122 

Iron  Mountain,  Missouri,  578 — 580                ^^^^H 

Hucl  Trelawny,-140— 143 

"  Iron-bearing  measures,"  195                            ^^^^H 
Iron  ore,  j)isoutic,  28                                               ^^^| 

Huel  Virgin,  12,  137 

Huelvn  coi>i>er  district,  366,  371 

and  iron  pyrites,  production  of,  110,       ^^^^^| 

Hueito  on  di>[>oait  at  Gladbach,  288 

135,  138.   14.%   158,  169,  174,  197.       ^^^H 

Hiilfe-Oottea  Mine,  271 

213,  223,  230.  246,  251,  253,  260.       ^^^H 

Hull  on  copper-bearing  rooks,  178 

273,  297—333,  341,  363,  357,  364,             ^H 

Humboldt  on  French  Guiaiia,  623 

876— 391,  395,  405—410,  441,  447,       __^^ 

Hungarian  Statistical  Bureau,  341 

507.  516,  576—583,  603                          ^^^M 

Hungary,  f^old,  silver,  and  quicksilver  of. 

Iron  ore«,  IS— 17,  158,  169—174,  219             ^^^H 

316,331,332 

in  metamorphosed  rocks,  24                      ^^^^H 

mining  in,  331—341 

in  fitratified  beds,                                         ^^^^^B 

production  of  metalliferous  mineral* 
in,  341 

in  tin  deposits,  97                                      ^^^^H 
See  uiid«r  Names  of  places.                           ^^H 

Hunt.  R..  "  Mineral  Statistics  "of,  quoted, 

"Iron  Oresof  Great  Britain,"  quoted,  153,             ^^M 

123,  128.  146.  189,  197 

166,196                                                                     ^H 

Hunt.  T.  Slerry.  on  ores  of  America,  665, 

Iron  pyrites,  15,  94,  165,  804—326,  336->           ^^1 

572,  578.  608 

344,  474,  599                                         ^^^M 

on  Quebec  group.  608 

gold  fix>m,                                                 ^^^^H 

Hutton  on  New  Zealand  gold-fields,  509 

Iron  sand  on  sea  beaches,  7                             ^^^^H 

Huy,  iron  niiues  near,  252 

Ironstone,  22-24, 164—169                            ^^^H 

Hyderabad,  gold  of.  422 

in  balls,  173                                               ^^^H 

Hydraulic  mining,  fl,  7,  508,  523 

junction  bed,  173                                           ^^^^^H 

Isle  of  Isky,  lead  mine  of,  227                         ^^^^H 

Isle  of  Man,  copper  of,  213                                ^^^^H 

I. 

lead  of.  212,  213                                       ^^^H 

mines  of,  211— 213                                  ^^^H 

Idaho,  gold  and  silver  of,  526,  642,  CS7  ; 

213                                      ^^^H 

production  of,  557 

Ispognac  lead  mine,  243                                   ^^^^H 

stream  tin  in,  566 

L 

lUbirite,        613                                              ^^^H 
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liBlce  Snperior.  iron  of,  25,  5S0,  581 

Ijehmaim  on  mincml  veins,  75 

silver  of,  78,  588—590 

lifhrbnch,  iron  oie  of,  2y7 

La  Motte  Minn,  6«3 

Lpicestershiro,  lead  and  iron  of,  20,  169 

LuiArksbire  blAckUnd,  220 

Lelant,  mining  district  of,  125 

l«ncashire,  e\*y  ironstone  of,  105 

liCinberg,  quicksilver  mines  of,  278,  279 

ml  hfleniftlitcof,  160—164 

I.wpolil  Mine,  275 

lAndrin  on  Larroix-aux-Mlneii,  237 

Le  Play  on  tho  Almaden  deposits,  375 

Landsbcrg,  quicksilver  uiineii  of,  278 

Le  Sueur,  discovery  of  lead  ore  by,  061 

T<ang(lou'8  Retf,  51*2 

I.evant  Mine,  125 

r.'inrinlh  Jiinrs,  HO 

Lias,  calwirisousnodulfls  of,  24 

r^  I'nz,  copper  mill  Rilvorof,  620,  «21 

fossils  of,  66.  67 

Laplanti,  iimj^netito  of,  25 

ore  doposits  of,  23,  66—68,  169—174, 

I^roiit.  tin  ore  of,  444 

353,  515 

I^isiiis  ou  formation  of  veins,  7rt 

l.idgntc  ironstone  bed,  187 

on  Iktenil  Broretion.  81 

Licber  on  Brewer  gold  mine.  555 

on  lUmnielglierg  oth  deposit,  28" 

on  lodes  in  re^rnnl  lo  depth,  61                                    . 

fAtt  ml  secretion  tl>*oiy,  81 

I.ii'ge,  iron  ore  of,  260                                         ^^^^H 

Lit.rit.-  of  hnijii,  220 " 

i.i^uriu,  muugauese  of,  354                                ^^^^^H 

I-Jitlii,  reference  to,  73 

l.tiiibourg.  iron  ore  of,  260                                ^^^^^| 

I^ur  on  gold  of  f'aliforniii,  71,  523 

l.iineatonc,  cbnmtxirs  in,  105                             ^^^^^H 

on  mt^tnls  from  iiiiiicrul  iqmngg,  87 

^Bsli  veins  in,  92—94                                   ^^^^H 
fcad  ore        64,  188—191                          ^^^H 

Lnurium,  cftlnniinL-  of,  363 

ir*)U  of,  304 

north  of  England,  159                               ^^^^H 

le.-«il  of  3rt3— afi« 

red  liiirmntite  in,  19.5                                   ^^^^H 

«iic»  RcliJRt  of,  358 

Liiiiouite,  251—253.  297.  301—305.  342,             ^H 

mining  at,  368,  S.'iD 

355,  356,  441,  442.  512,  581.  597                          ^H 

pro<lu(tion  at.  384,  SM 

Lilian's  lead  mines,  368                                                ^^| 

I»iititcnthnl  mines,  i>ro<lt]ctinn  nt,  289 

(uiii-olnshire,  faiematite  of,  169,  173                    ^^^^H 

I^vas,  metftllic  minerals  in,  89 

production  of  iron  ore  in,  174                    ^^^^H 

Im  Vicille  Montagnc  « 'ompftny,  303 

Lindal  Moor  depohits,  162 — 164                            ^^^^H 

LAwry's  t'oibouft,  127 

\A[ivT.,  silver  mines  of,  620                                  ^^^^H 

lAxey  Mines,  211,  212 

l.ipken  on  Kosariu  copiwr  mine,  618                ^^^^^| 

Leail  in  clay  alntHS,  S5  ;  in  j;o!igaii.<(,  53 

Lipoid  on  Idrin,  Ilc,  329—383                          ^^^H 

■with  witheritft  ami  henvy  spur,  199 

iisbum   Minca,   202  ;   prodnction  of  lead             ^^| 

Lead  dep<i.<iits  hy  ngeucy  of  water,  189 

and  Hnver  at,  202                                                     ^^^^B 

I>.'«d-tneasnres,  181 

l.iskenrd,  lead  veins  near,  140                            ^H^^H 

Load  miiiw*  of  the  Carboniferona  Limpstoiir-, 

Lithium  in  mine  water,  122                              ^^^^^H 

ISO— 194 

Little  Tiny  cop)u<r  ore,  609                                 ^^^^^H 

licnd  ore,  di'i>ositiou  of,  79 

Little  BoundBMtne,  124                                      ^^^H 

former  protiuction  of,  in  Britnin,  110 

Little  Limestone,  187—189                                ^^^^H 

from    cop]N>r    fuind.stone,    180 ;   from 

LliLinifCter  metjilliferoiis  bjind,  199                              ^^H 

flats.  187 

Llaubrynmair,  nnrallcl  lodes  near,  199              ^^^^^B 
Llanc)tifelyn  Nlinus,  108                                     ^^^^H 

in  nr^Ilaceoiu  alialus,  191 ;  in  sUte, 

117 

Llaufuir  Clydogau  Lode,  199                              ^^^^^| 

pro<Juclion  of,  133, 135. 142, 145, 148, 

Llan^yunoil,  lead  veins  nmund,  199                   ^^^^^H 

154.  176,  177,  188—228,  235-268, 

lilaiiidkies,  mines  near,  199                                ^^^^^H 

286,  289,  307,  312—331,  341—346, 

Llantrissnnt,  iron  ore  ne:ir,  197                          ^^^^^H 

357,  364—379,  391—397,  408,  410, 

liluyn  Mnlys  I^odc,  198                                       ^^^^H 

1 427,  428,  447.  494,  502,  504,  616, 

liOdrs,  brccciated,  43                                            ^^^^^| 

^H          541,  546,  .'>63.  583 

change  in  ipiality  of,  117,  119                     ^^^^^| 

^^p              Sfe  HwUr  Names  of  places. 

distribution  of  ores  in,  48                          ^^^^^| 

^^        .sheet*  of,  04 

^^^^^1 

lycadhillfl  Mines,  227  ;  prodnction  of  lead 

ferruginous  capping  of,  53                         ^^^^^| 
interseetinn  of,  120                                     ^^^^^| 

and  silver  at,  228 

Leadrille,  chamber  mincA  at,  107 

in    regurd    to    cross-veins,    120;     tit             ^^H 

gold  and  silver  of,  104.  543 

depth,  00,  61  ;  to  toadatono,  192            ^^^M 

metallic  production  of,  546 

minerals  in.  53,  50,  59                                ^^^^^B 

L«ad  veins,  64.  180—192 

outcrop  of.                                                     ^^^^^B 
pamllel.                                                      ^^^H 

bituminous  matter  in,  177 

'*  Leads"  and  "  Ija.lprs,"  187,  526,  601 

richer  at  junction,  118                              ^^^^H 

••  Leap,"  racauinx  of,  32 

Hvmmetrical  rc]<etitiou  in,  45                    ^^^^H 

1*  Coutc  and  Itisiui;  on  Sulphnr  Oank, 

thickness  of,  1 1 3,  1 1 4                                   ^^^H 

659 

l/ide-systems  of  the  I  Ian;,  281                         ^^^^H 

Lt!«da  (L'anodn),  copper  of,  592 

lyifas  Mine,  393  ;  production  of  lead  nt,  303              ^H 

»4«' 
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liHM,    Sir    W..   «a    oopotr    of    Lkk* 
^Mfac;  Ac.  Ma.  SM 

fiilwilrtTy.  |dU  B^  217 

Iwmm.  ina  OR  «^  258 

Uv  Maw  Inmwka,  1«5 

I^Mwan  iMfi  raat,  S17  ;  prodvetiaa  of 

|MdndrfInrfRHii,117 
Lakk  «B  Sataift  Miaat,  24« 

(Bdgiaa).  iron  ore  of,  SSS. 


|Q«nBaa7^    pndnetiaa   «f    metAlU- 
liifu—  mioeial*  in,  310 
hrmt  Segb,  nodaW  froca,  2« 


lUcwAMLXxm  M  aibw  Ida,  »M 
li«dn%  eoppv  o^  4S0 

kdl<<4M 
XMbid,  me  <l«|Miila  <<  370 
Maten.  faM  an  aC  4*» 

;  im  «R^  Me.  »7e 
pvtita^  MS 
ilitak  tf.  Sf7.  Ul,  MS.  MS.  US. 
tt7.  441.  44S.  S15^  tH,  5*7.  M8 
M^ii^lodtsoCaM 

raodMtiu  of  fdd  ud  d««t  is.  5S7  : 

ttinm,SSt 
ta«CS«&.6M 

■nl  wnltk  oC  «4«— 445 
MakjM  ikjdupa^gv.  siaaili  o(  44} 

Malkt  M  8»ld  af  haharf.  ai» 
M— nrti  Cwa;,  108 
MMta  •«  G>c|«r  miiMk  311 
MiMMiaaf,  a,  22.   137.    155,    137—900, 
tM,  »7— 301,  3M.  3*4,  3«S,  373. 
333^  404,  406.  003,  «• 
prateetia*  o(   S30,  361,  236-^301. 
316.  3SS.  331.  341,  357.  373.  333, 
337.  583.  60S 
Ihaor  Hovae  Lode.  133 
Manafeld.  oopper  adittt  aC,  97,  64.  380. 

990—936  :  pndoelMa  oT,  99« 
llmcioD  miniag  dirtrid,  193 
Mank,  tottat  bad  in,  19 
Marao  Polo  on  gM  in  Jtfta,  446 
Marieabecg,  mira  mad  tu  «C  301 ;   pro- 

dacdoo  tt,  309 
Mkoborangb  gold-fieldi,  45S 
HarrUnd.  oopper  «f.  S70 

'iron  of,  5^2  :  pnxiactkitt  aC  W3 
Huaacliiuetta,  iron  of,  58S  ;   pr»d«ctiiMi 
of,  683 
tin  oC  566 
Maaaaret  ou  tin  of  Spain,  375 
MatAmoroe,  iron  on  of,  376.  377 
Matlter  on  rinc,  564 


"  Matrix."  2 

Matxenkftpfcl  Mine,  334,  325 
Manghotd  He«d  b<emaUt«  lodes.  SIS 
MawddAch  Rirer,  minea  naar.  SOS,  204 
)Iaw«  on  Scton  mines,  194 

on  LeadhilU.  228 
Mediteirancan,  copper  in  aaltrraa  af,  84 
Medlieott  on  lead  of  IndiA,  429 
Meier  on  lodea  of  Magnrka.  336 
Meinerzhaxener  Bleiberg  mine,  267 
MeiMMT  Adit,  379 
Mendip  Hilla,  fomla  is  veias  at,  6* 

lead  of,  154 

mining  in,  164 
Menheniot  l«ad  district,   140 — 113 
Mercury,  69.  81,  270,  277.  3i>l,  623 
Merionethshite.  gold  of,   202 — 2<H 
Metallic  sulphides,  fonn&tion  of.  ^ 
Metalliferuos   depositc,    1,    30 :    eastait. 
103  ;    from   aqueouj    aolutiaii,  21 ; 
from  aoUataxaa,  87 

ouBenh,  anociation  of.  54 

vdna.  aaaociation  of  orva  to,  55 
eltHrie  currenta  in,  78 
mone  freqauit  in  oldvr  rock^  47 
organic  matter  in,  81 
tbrorie*   regarding  formalaoa  o( 
77— M 
Metala.  1 

in  ehamhera  or  pocketa.  105 

is  goaana,  53 

in  phjllites,  84.  85 

in  ira  watf  r.  84 

in  ilatea,  S5 

in  stntifitsd  rocka,  85 
Metamorpliiam,  beda  altered  bj. 

capeb  n<<alting  (ram.  31 
Menrthe  et-Moaelk,    prodtietioa  of 

ore  of,  233 
Mexico,  gold  and  ailTcroi;  600  :  pndn 

of,  611,  612 
Miaak,  gold  nngget  from,  400 
Mica,  metaU  in,  82,  S3 
MircM  on  Canadian  gold-field*.  586 
Miehigin,  iran   of,  581 

^dand  ailrer  of,  557 

Miekipiootea,  ore  depaaits  of.  530, 136 

Mieroaeopie  exmminatioa  of  yeinalamw.  It, 

42 
Miednorondianak  eofiparan,  469 
Mi<-a  minea,  319,  390 
Milan  nunine  district,  344 
MiU  Close  Mine,  193,  194 
Miller,  W.  A.,  on  mine  irater,  191 
Millerite.  165,  SOS,  305 
Minaa  Geraia,  gidd  of,  613—616 

iroooC  616 
"  Miae,"  meaning  of,  in  iron  distiieta,  167 
Mine,  deepeat  exiating.  317 
"  Mine  bleoe,"  "  mine  jaoBa,"  4c.  241— 

246 
Minera   Mine,  905-907:  |N«4KtiM   af 

lead,  Idasda,  awl  oWer  at,  907 
"  Mineral*  ooaiplexea,~  S18 


i 


inhex. 

Tt^^^^B 

'*»Mincnvl   RisoOTcfS   of    United  States," 

Montgoniervshire,    jiroduotion     of 
blende,  and  silver  in,  202 

^1 

qaotod,  583 

^^H 

"Mineral   Statutics,"    reference    to. 

153, 

silver  of,  197—202 

^^H 

213,  2:7,  230,  444,  445 

Jloontu  copper  mine,  498,  490 

^^H 

of  Huiigarv,  341 ;  of  New  South  Walus, 

Moore,   C,  on  paheontology   of    mineral              ^^| 

474;  of  Victoria,  471 

veins,  66,  67 

^^^1 

Mineral  tnllnvr,  165 

Moore,  K.,  on  blockband,  229 

^^^^^M 

Mineral  vriiis,  tige  of,  36,  39,  68,  67 

.  80, 

Morgan  Morgans  00  Brendnn  Hills, 

155           ^^^M 

83,113,  241 

Moroi'co,  ore  deposits  of,  51 4 

^^^^^H 

genesis  of,  73 

Igneous  injection  of,  77 

Mono  Vflho   Uah;  614,  615 

^^^^H 

Mottrain  St.  Audresrs  copiwr  mines, 

^H 

^_      palaeontology  of,  ti6,  67 

178 

^^^^H 

^H    recent,  68 

Motz  on  United  States  ore  de|>08itM,  553            ^^^^^| 

^^F     Bolphnr  in,  88 

Mount  Bischotr,  tin  ore  of,  505—507 

^^^^^H 

iratcr  in  rolntion  to.  87 

Mount  copper  mines,  136 

^^^^^^1 

Minerals,  artificial  proilttction  of,  08 

Mount  Hymettus,  zinc  of,  364 

^^^^H 

in  lodes,  BUccessiou  of,  53,  56  ;  pseuilu- 

Mount  Ramsay,  bismuth  of,  507 

^^^^^M 

morphio,  59 

Mimiit'a  Ra.Y  8ubnicrt,'«d  forest,  12 

^^^^^H 

Mines,  cle)>th  of,  130,  142 
heat  in,  632 

MoLizai  I  cojijier  mine,  516 

^^^^^^1 

MiilliT  on  ore  of  the  Schueeburg,  i  j. 

^H 

under  tbe  $«A,  124 

—310,  404 

^^^^H 

Mine  water,  sulphates  of  Iron  nnd  cnppcr 

"Mullock,"  78,  422,  464 

^^^^H 

in,  132.  211 

MunKH!  on  ndncral  wealth  of  Ja|Nin, 

^^^H 

Mining  affected  l>y  droughts,  476 

MunsttT  Valley,  lodes  of.  275 

^^^^H 

early,  110,  223,  2S0.  2:)!»— 243, 

247, 

Mur'^liiijon,  8ir  R.,  on  gold  of  Sulherkud,              ^^| 

258,  275,  276,   279,  289,  298, 

301, 

226 

^^^^H 

307—312,  316,   343,  345.  363, 

358, 

on  miartz  reefs,  487 
Murcitt,  li'iid  ami  zinc  of,  366-369 

^^^^^H 

366,  375,  380,  406,  610,  624 

^^^^^1 

hydranlic.  6,  7.  608,  523 

Mynyddysllwyn  coal-seam,  196 

^^^^H 

regions,  principal,  109 
Mining  Bunau  of  Portugal,  379 

Mysore  gold-titlds,  421 

^^^^^H 

^^^^^H 

Mincttc,  252 

^^^^^^1 

Miucliiu,  reference  to,  415 

N. 

^^^^^1 

Mint  at  Jnnithiinsthnl,  317 

^^^^^H 

of  Unitt'd  States,  rejwit  on,  531, 

547, 

Nacritb,  804,  305 

^^^^^1 

553,  556,  622,  624 

Nagyag.  mining  at,  338 
Nagybdnya,  lodes  of,  335,  336 

^^^^^^H 

Mispickel,  304,  305,  528 

^^^^H 

^fjisiasippi  Yallpv,  gush  vuins  in,  92 
^■^    lead  of,  561',  562 

-94 

Namaiiualaud,  cop^icr  ore  of,  518 

^^^^^H 

Namur,  iron  ore  ot,  260 

^^^^^^^ 

^HnMOttri,  ropl>cr  nf,  570 

Nant-y-Creiau  Mine,  200 

^^^^^H 

iron  of,  25,  578—582 

Nanzenbaih  minea,  270,  271 

^^^^^H 

lead  of,  661—666,  670 

Naples,  black  sands  of,  7 

^^^^H 

zinc  of,  565 

Kiismnrk  Mine,  389 

^^^^^^H 

klittagong,  iron  ore  of,  485 

Nassau,  lead  of,  267 

^^^^^1 

Mittelberg,  tnan^atiese  ores  of,  290 

Nalivo  antimony,  345 

^^^^^H 

Muissenet  nu  niineml  veins,  52 

arsenic,  285,  338 

^^^^^^H 

Mokt»-el-Haddid  iron  min<?,  515 

bismuth,  275,  308,  311 

^^^^^H 

Mold  district,  lead  mines  of,  205 

cojiuer,  63,  78,  276,  804,  501 
gold,  310 

^^^^^1 

Molybdenite,  310,  311 

^^^^^M 

Molybdeimm  in  tin  deposits,  97 

silver,  144.  248--250,  275,  303—809,              ^^ 

Moncorvo  iron  ore  deposits,  383 

318,  825,  332,  339,  344,  367, 

^^m 

Monmouthshire,   brown  iron  ore  of, 

1^7; 

590,  611,  618,  620 

production  of,  197 

sulphur,  88,  338 

^^^^H 

Mono  I^ke,  hot  va  loiini  front,  527 
Montana,  gold  and  silver  of,   551  ; 

Nenthead  Mines,  186— 188 

^^^^^^^ 

pro- 

"Nester,"105 

^^^^H 

duction  of,  552,  667 

Noudorf  raining  district,  286 

^^^^^^ 

lignite  and  ha^^latitc  of,  581 

Neuuiayer  «iuoted,  358 

^^^^1 

tin  ore  of,  566 

Nevaila,  chamber  mines  in,  105,  1U7 

^^^^^H 

Monte  Atiiinta,  cilitialxir  of,  342 

gold  nnd  silver  of.  526,  549,  633 

^^^1 

Monte  Catiui,  contact  deposit  at,  104 

557  ;  pr.jciuetion  of,  526 

^^H 

cornier  of,  360 
Monte  >art>a  silver  niinei<,  344 

mineral  veins  of,  87 

^^^1 

MX  Jepositfl  of,  69—73 

^^H 

Montgomeryshire,     luetalliferuus     ilisllict 

production  of  Tjreeious  metals  in 

^^^1 

of,  197—202 

529 

T  r 

M 
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New    Almaden   qnicksilreT   mine*.   831, 

558  ;  iiroduction  at,  561 
Ifew  Caledouia,  gold  of,  613 

nickel  of,  613 
New  Cobar  copper  mine,  480 
New  England,  quartz  reins  of,  90 
New  Hampsliire,  gold  and  silver  of,  667 

rinc  or,  603 
Kew   Idria   quicksilver  mines,  669 ;  pro- 
duction at,  661 
New  Jersey,  iron  ore  of,  676,  677  ;  pro- 
duction of,  682 
rinc  of,  663,  664 
New  Mexico,  gold  and  silver  of,  552  ;  pro- 
dnction  of,  652,  653,  557 
lignite  and  haematite  of,  581 
New  South  Wales,  nntiroony  of,  485 
bismuth  of,  485 
copper  of,  478—480 
gold  of,  7,  469,  474,  475 
iron  of,  485 
lead  of,  485 

ore  deposits  of,  474 — 486 
production  of  metalliferous  minerals 

in,  476—485 
regulus  of,  480 
silver  of,  476,  478 
tin  of,  481,  484 
New  York  State,  iron  of,  576  ;  production 
of,  582 
ore  deposits  of,  661 
zinc  of,  564 
New  Ztmlaui),  black  sand  of,  7 
copiicr  of,  512 

gold  of,  508—512  ;  jiroJuction  of,  508 
—512 
Ni'wlx'iTy  on  aiineous  ascension,  87 
on  a<jnt?on8  dt>j>o.<iition,  80 
on  li'Hves  in  gold-drifts,  455 
on  ore  de|ioditR  in  clianiU*rs,  105,  106 
TeltTfnco  to,  73,  78 
on  .sources  of  iron  snpiily.  26,  27 
Newfoundland,  copier  of,  fiOi> 

ore  dcjiogits  of,  608,  609 
Newton  on  Aini'rii'iin  iron  ore,  576 
Newtownards  lead  vein,   217 
Nicholls  on  Dean  Forest,  158 
Nieh<dson,  F.,  on  Ste.  Genevieve  copjier, 

570.    571 
Nicholson,  H.  A.,  on  gold  of  Canada,  587 
Nickel,  sulphide  of.  165 
Nickel  ore,  227—230,  271,  274,  280,  301, 
SOS,  389,  404,  4.'56,  513,  608 
production  of,  227,  230,  308,  316,  320, 
323,  331,  341,  389—391,  397,  583 
Nirolsoii  on  Indian  gold-fields,  414 
Nidderdale,  lend-niining  in,  190 
Niinniagee  copper  mine,  480 
*'  Nipped,"  meaning  of,  40 
Noble  Lead  and  Noble  Quarts  formations, 
^  302—305 
Noggerath  on  alltivinl  gold,  202 

on  Almaden  deposits,  375  ;  on  Nassau 
dei>osit»,  271 


Noggerath  on  lead  lodes,  262 
Noric  iron  of  Tacitus.  329 
North  America  ;  see  United  States 
Northamptonshire,    iron    of,    169—17}; 

production  of,  174 
North  Carolina ;  we  Carolina,  North 
North  Crofly  Mine,  121 
North  Indian  Kumann  Ironworks,  44S 
North  Roskear  Mine,  121 
Northumberland,  lead  and  silver  of,  180, 
189  ;  production  of,   189 

iron  of,  158,  165 
Norway,  col>alt  of,  390,  391 

copper  of,  386 — 391 

iron  and  iron  pyrihs  uf,  13,  14, 
887—391 

lead  of,  391 

mines  of,  384 

nickel  of.  389—391 

production  of  minerals  in,  38S — Jtl 

silver  of,  102,  103,  384— 386,  391 

zinc  of,  391 
Nottinghamshire,  lead  ores  of,  29 
Nova  Scotia,  gold  of,  599,  602,  603 

iron  of,  602,  603 

manganeite  of,  603 

ore  deposits  of,  699 — 603 

production  in,  602,  603 
Nuggets,  theories  respecting,  459 

O. 

Obermoschel,  quicksilver  mines  of,  878 

Offenbanya,  ore  deposits  of,  339 

Ohio,   iron   of,  581,  682;   production  of, 

582 
Oliih-ljipos-Udnva,  lo<les  of,  333,  336 
Old  lilack  Mine,  168 
Old  fan's  Cross- vein,  185 
Old  Dol-v-frwynog  Mine.  204 
Old  fiailg  Mine,  191,   192 
Olivine,  metals  in,  82,  83 
Omilianoff  Mine,  Finland,  409,  410 
Ontario  Silver  Mining  Comj^any,  534 
Oolite,  ore  deposits  of,  23,  169-^173 
Oolitic  iron  ores,  working  of,  in  Midhn'i 

district,  172 
Oppel,  on  mineral  veins,  75 
Oran,  hasmatite  of,  515 
Orebro  iron  ore,  397 
Ore  against  ore,  51 

bunchy,  61 

chimneys  of,  50 

shoots  of,  50 
Ore  Ix'tb,  meaning  of,  17 
Ores,  a.ssociation  of,  in  veins,  55 

cockade,  43,  305 

courses  of,  49 

in  lodes,  48 

ring,  43 

sphcrulitio,  43 
Oregon,  black  sands  of,  7 

gold  and  silver  of,  557  ;  production 
gold  in,  542 


INDEX. 
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iron  of,  5S2 
r  ;  «M  under  SaUiTan 
ob  copper  mine,  573 
>f  lead  deposits,  189 
eopper  of,  621 
rer  of,  620 
of,  621 
pld-fields,  508 

miiuDg  in  ivign  «f,  279 
!erdja  copper  mines,  517 
I  of  lodes,  17,  32,53 
ipe  Mine,  176 
Tallev,  copper  of,  213,  214 
d  of,"  21 9 
les  of,  215—219 

1  Lake  Superior  copper  r^ou,  56S 
hire  ironstone,  169  ;  production  of 
ire  in,  17  i 
on  cinnabar  in  snlphor,  69 


A  mining  district,  612 

ilope,  gold  and  silver  of,  551  ;  pro- 

iiiction  of,  557 

ling  districts  of,  519 — 543 

,"52 

{  ore  beds,  395 

ite,  quicksilTer,  4c  of  the,  277 — 

im,  297 

ology  of  mineral  veins,  66,  67 

llo  copper  mine,  619 

esisof  the  "Hard Branch,"  66,  57 

lodes,  51 

,  strings  of  tin  ore  at,  129 
e  ironstone,  168 
Mines,  133 — 135 
i  iron  ore,  161 
narbles  of,  358 
[ountain,  blnestone  of,  217 
perof,  207— 211 
liver  mines  of,  621 
tot  gold  diggings,  623 
I  ore  of  Black  Forest,  274 
pper  mine,  490 
in  veins,  44 
Ice  copper  mines,  136 

tin  exported  from,  444 
Park  coal  seam,  167 
la,  gold  mines  of  the,  367 
:  rocks,  195 

Chain,  lead  mines  of,  181 
vania.  copper  of,  672,  573 
1  of,  576  ;  production  of,  582 
!  of,  564 
ones,  165 
itpren  Mines,  198 
:in  of,  443,  444  ;  production  of,  444 
3r.,  reference  to,  172 
spathose  iron  ore  of,  155 
wuloe  mining  district,  132 
ipper  of,  622 


P*ni.  fpoM  and  silvw  «»f,  631  ;  i«i\Hluirtion 
of.  631,  633 

qak'ksilTV'r  of,  633 
I^Mt«reiM gold  mioM,  34$,  344  ;  |<Todttction 

at,  S4S,  S44 
Peters  on  ReiUui^rm  deposits,  S41 
IViberick,  early  wittiug-toolai  foand  hy, 

233 
IVttko  on  Hodritscl)  sjrenite,  333 
Petius  on  German  miners  in  Britain,  110, 

560 
PfundivrsWrg  mine,  335 
Philippine  Islands,  guld  of,  446 
Philippstadt,  magnetite  of,  35 
Philbps,  J.  A.,  on  auriferous  quarts  of 
Sierra  Nevada,  634 

on  cr>-stalline  sandstones,  89 

on  gold  of  Brasii,  613 

on  heat  of  Comstock  mines,  S89 

on  mineral    de]>osit8   and   aolfatario 
action,  69 

on  mine  water,  121,  1S2 
Phcrnix  Mines,  338,  139 
Phosphoric  acid  in  clay  ironstone,  165 
Phosphorus  in  tin  de|>osit8,  97 
Phyllites,  metals  in,  84,  86 
Piedmont,  iron  of,  25,  354 
Piette  on  early  mining  in  the  Peninniln, 

366,  367 
Pill  on  Dncktown  Mines,  574 
Pilot  Knob,  Missouri,  678—680 
'•  Pins"  166 

Pipe  veins,  94,  190—193,  466 
Pischke  on  Siberian  ore  deposita,  408 
Pinolitic  iron  ore,  220,  223,  276 
Pitch  blende,  306 
Pitk&ranta  ore  deposits,  408 — 410 
Placers,  2,  3,  8,  218,  401 
"  Plate,"  169 
Platinum,  2.  8.  401,  402,  410,  445 

production  of,  402,  410 
Platten  tin  district,  811 
Plattner  on  snblimntiou,  80 
Pleasant  Creek  reefs,  466 
Pliny  on  cinnabar,  374 

on    gold-mining   in    Italy,  848 ;   in 
Spain,  366 

on  metalliferons  veins,  73 
Plumosite,  212,  338,  620 
Pluokett  on  quartz-mining  in  Australis, 

497 
Plymlnmon  metalliferons  band,  199 
Pockets,  ore  deposits  in,  106,  106,  167 
Poland,  ore  deposits  of,  313,  406,  407 

production  of  iron  in,  407 
Polberrow  Mine,  101 
Polgooth  tin  mine,  136 
Polma,  rubellan  of,  84 
Polybasite,  303-305,  832,  617 
Pontgiband,  early  mining  at,  239,  240 

lead  raining  at,  238—241 

production  of  lead  and  silver  at,  240 
Pontpean,  load  and  bkrnd*  of,  iU 
Pontypool  inmstoBi 
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Poole  OB  nAm  oi  Von  Seotk,  800 
Pondaio,  filaatie  cUt  for,  24 
Fort  AoJEuU  nunenl  district,  500 
Fortkua  bodi^  flint  rtiaa  in,  t4 
Pocto  HovD  Stoel  and  Iroawotka,  439 
Ftetngd,  antinumy  at,  S80 
eoBperor,  W],M» 

gMct,»M 

uon  of.  MS,  S8S 

iMd  0(880 

maaganeMof^  383 

pradnetion  ct  miuenls  in,  881,  88S 

nrritcs  oi;  21s,  sm 

aUTcr  with  lead  and  oo^ier  of,  880 
tinof,  S8S 
nncof,  880 
PoMpny  on  tha  Sehnmihmg,  fcc,  828, 828, 

889—841 
Potoai,  copper  oC  621 
ailrerof;  820 
tin  0(821 
PMllaaaen  lead  mines,  284,  286 
Poavanne  on  on  depooita  of  Onn,  518 
Prado^  Ouiano  it,  on  Almadan,  874 
Prian,117 
Taam  of  VTalea  Mine,  202;  204 ;  prodae- 

tion  of  gM  at,  204 
Pndoction  of  metalliferens  mineiaLi ;  ••« 

umdtr  Names  of  places 
Propylite,  84,  882—440,  880 
ftoirenoe,  Comte  de,  mines  worked  by, 

250 
Prrce  on  Ecton  mines,  194 
Pnibnim,  defp  abafla  at,  318 
lead  of,  316 

ore  deposits  o(  317^-319 
I'uiniiclly  aud  Schmidt  on  American  iron, 

576,  579 
Pnqjab,  aorifeionti  sands  of  the,  425 
copper  of,  433 
iron  of,  441 
Kad  of,  429 
Pvmrgyrite,  144,  275,  303—308.318,324, 

'332,  335,  339,  344,  476,  617,  620 
Pyrenees,  iron  of  the,  246 

milling  in,  246—248;  by  Saracens, 
230 
Pvritic  Lead  formation  of  Freiberg,  304 
Pvrolaoite,  297,  299,  854,  883,  415 
Pyromorphite,  59,  304,  305,  319 
pYnMtiipiiite,  303,  305 
Pyrrhotiuo,  186,  187,  436 


(^'lAKTEK-i-oiXT  veins,  182,  184 
QuarU-poriihyry,  62,  111—113 
QuarU  reefs,  467,  475 
Quebec  group,  584,  591,  595,  598,    800, 

60S 
Qnebra  Panella  nictallireroiis  deposit,  615 
<jttceu  Cliiirlottv's  Island,  rocks  of,  608 


QimmmImiij  minea,  SS7,  ISB ; 

g(  lead,  lOnt,  and  blende  at,' 2a 
QoMndand,  anriftroos  diatriats  tt,  4M 
copper  of;  489— 401 
gold  of;  488— 48» 
Said  o(  494 
pradnetion  of  metallifSnaaa  maiak 

in,  487,  494 
tin  at,  491,  494 
QnUkdlTer.  99, 104,  278,  818,  nt-m, 
844,  888.  874,  87S,  879.  44M»- 
681,822 
IcadBetiao  of;  178, 979, 881. 841.  IR, 
876,  879,  618,  681,  688 


Rabt  on  Cheesy  eoma  ore,  248— 2W 
BatU,  eUy  elates  o(  85 

ore  depoeitB  of.  828,  329 
Bqpatana,  oobalt  at,  438 

copper  of,  482 

gold-dnst  of;  424 
Banunelabetg   depont,   279,    280.   289; 

production  at,  289 
Bamon  ds  Adas  y  Yam  on  Billia%  177 
BamHate,  veina  of  flint  at,  24 
RaneS  iraa  depoaiti^  248 
Bath  on  Hodrittth  syenite,  Ac,  812,  M^ 

860,  861,  884 
Baymond  cm  mining  in  United  Statx^  511 

on  qnidnilTer  of  OaliSgnia,  6S8 
Bteunor  on  gold  sands  of  the  BUnt^  in 
Reck  on  sOrer  of  Bolivia,  821 ;  of  Pobni, 

620 
Red  calamine,  31 J 
Red  gneiss,  65 
Redcar  iroustone,  1 74 
Redmoor  Mine,  144 
Redmth  mining  district,  129,  133 
"  Roof,"  meaning  of,  in  Australis,  534 
Retifs,  auriferous,  465,  511,  512 

sulphur  in,  88 
Regular  aud  irregular  unatratified  depokili, 

30 
Reich  on  electric  currents  In  reins,  78,  7> 
Reichetzeron  Raiumplabere  ore  deposit,  S78 
Reichmannsdorf,  early  gold  mini^  at,  2W 
••  Reinen,"  277 
Rnlistian  slate,  129 
Rents,  or  fissures,  causes  of,  76 
Restormel,  iron  lode  at,  137 
Reversed  faults,  40 
Reyer  on  tia,  810,  821,  851,  353,  876 
Rezbiiiva,  ore  dnjionitH  of,  341 
Uheidol,  metalliferous  veins  of  the,  198,  SOO 
Rhenish  coal-field,  blackband  of,  23 

Pruaaia,  antiiuony  of,  271 

lead  of,  28—30 
Rhine  Provinces,  alluvium  of,  274 

gold  of,  231,  261.  267,  274, 275 ;  gold 
washing  in,  275 

lead  of,  262  ;  production  oi;  267 


Dn>E3L 


f*,*^ 


lead  mining  ttftar,  M5 

nU  on  goia  of  S««  SMtk  Vals, 

rdMD  on  ironstone  af  UlitiA  Cd- 

rtia,  608 

lond  Mine,  105 

tond  tnd  EorekaCn— tfMitrJ  Kms. 

ir  and  Hfibiwr  on  MfwnM  wiafs, 

,  612 

iofen  on  Conutock  wgiw,  SSi.  i3* 

a  Nagybanra  Me*,  SSS 

rd  on  gold'  of  AigmXim  KifaUK-. 

ir,"  a  mining  term,  35 
•Tunning  reina,  ISI 
md  Silbenchnor  Mine.  3$4 
tikes  nickel  depo«ita,  3i9 
ires,  43 

mines  of,  624 
Into,  enprifero«*  pj  lilwa  «C  STI — 

373  ;  prodoctioa  o^  973 
on  of,  14—17 
ining  at,  14 — IT,  571 — STS 

;  aw  Le  Conte 
diggings,  7 
on  Vialas,  241 
id  Zeppenfeld  on    PutgthBad  iemi 

mines,  239 

igham  Forest,  mm  fnimttkm  im, 

Motmtains,  gold  and  mlrer  «C  S4S 
—653  ;  prodnetioai  of.  5»,  557 
ining  districts  ol,  543 
rapFeU  Mine,  IM 
,  ore  deposits  oC  339,  340 
on  PennsylTaaiaa  eopper  sod  inn, 
677 

I  Gravels  Mine,  175,  17< 
I  Vein,  174,  175 
IS,  mannfactnre  of  iroa  hrr,  15< 
ining  by,  15,  110,  151.  154,  ITS, 
176,  230,  243,  31S,  S2»,  331.  345, 
851.  353,  361,  3««.  371—374.  350, 
381 

^  of  lead  of;  175 
ritings  of,  on  miainfr  SSi 
on  iioB  ore  of  Spain.  378 
I  rooks  of  Sio  Tinto,  371 
.  Wissenbach  slate,  SM 
',"  meaning  of,  18 
ore-beds,  386,  387 
>  copper  mine,  618 
le  ironstone,  174 
ibfer  lode-gioap,  280—282 
on  lodes  of  the  Han,  280 
-  on  mineral  reins,  74 
ra,  84 

istrict,  ironstone  of;  373 
Isben  manganese  ore,  299 
t>th  district  prodoction  of  lead  at, 

on  Sileaan  calamine,  314 

,  Prince,  German  minen  cl,  IM 


'-4^» 


' .  «t.*w.  *ss — »*:,  ♦. 

ei.  «f>« — •/C,  «t* 

tC  *(£ — i;i 

i^  «•—»:*■ 
m  A  ««<>.  «:o 

saar  «&  ffM^— 1:» 


rf.irr 

SL  il^MK  «£»«  .&mct.  «3.  Itt 

Sk.  .ftaiRMSts^  loAes  <<  «!« 

■iaeseCSM — SS<  ;  {vnivetM  (Was. 

$t.  Anaaifisiaes,  «?£.  473 

S(.  AaBtrB.  waiag:  £iOaet  «C  13S 

fSoekWecbcC  M 
Sazax-Bd  «cn«r  siaea.  S4< 
SaiBT-Ek<«e  lead  tvjm,  235 
St  Ekkiid**  Lode,  383,  SW 
Sc  IfVB  cower  adaea,  C3 

CBMobdated  Miata.  »5 

CbMola.  laC :  nodBetMi  of  tia  cy 
at,1« 

■inag  district  oi;  133.  ISS 
St.  J«K  eopfMr  Binea,  <3 

laiaiag  dktrirt  oC  1S3— 125 
St.  Jolu  6tl   Be;  ConpaiiT,  614;    pm. 

daetioa  of  gold  and  iOTer  bv,  <15 
St.  LaaocBt-Ie-Minier,  aiae  ate  o<;  233 
St  FfawKk  niaea,  140 
Sainte  Generieve  ecfiper  deposit,  570— r.T2 
Sainte-Marie-aax-MiBea,  lead  lode  at,  C3'v 

237 
Sela.  lad  ore  of,  392 ;  prodnctioB  of,  392 
Sabaaaaea,  tia  oie  of;  375 
SaHite  vater  in  mines,  121,  122 
Salmoa  on  Conusfa  mining,  123,  12< 
Salt  I«ke  district,  gold  of,  534 
Saltona  of  the  Memtrnaneau,  84 
Salzboig,  oop^  of,  316 

ore  deposits  of,  323 
Sanuoa  Lode,  285 
Saadberger  oa  eoantiy  rocks,  M 

oo  lateral  secretion,  532 

on  metals  in  clay  slates,  85  ;   finm 
miaeral  springs,  87 

on  mineral  reina,  56 — 58,  82 — 84 

on  ore  deposits  of  the  Black  F' 
273 ;     Dillenbnjg,     270 : 
271,  272 


646 


INDEX. 


i^Midbant  gold-flelda,  451 

8*n  DomiDgrn,  381 

Sandatonr',  crystalline,  of  Comtuem,  S8 — 

80 
SaiigrrhHtixvn  <li)ittict,  292  ;  prodnciion  of 

copjirr  s'-bigt  iu,  2Ufl 
S»n  JuHn,  rolmU  nt,  619 

copjHT  of,  618 
Santandrr.  rin<'  orr«  "f,  'iM,  37Q 
8«6  JtWi  J'El  Hri  nitn<-s,  A14 
SftntwAk.  antimony  of,  445 
Skrdiniik,  iron  of,  36d 
Wftcl  of,  344—346 
Dianganrso  of,  !1S4 
nlrer  of,  344 
(inc  of,  Ui,  347 
Snuvags  un  foa&iU  of  Greece,  S68 
S4sany,  aiHHiterite  of,  95 
nmgnelite  of,  ',!6 
mining  in,  27,  300—312 
atockworkB  iu,  09—101 
tin  of.  31 1 
Pcolpi.  silvc-r  r>r«<  of,  622 
Soandiiinvia,  KPolnj;y  of,  883 
Idkii  orv8  iif.  3'Jrt 
orv  d."po«iU  of,  383—397 
pnxiuction  of    tnctnlliferou*   miiiernla 
in,  385—395 
Rc«r  I.impMonc,  159,  182,  164—189 
S"    ■■  Itl-washiiiRa  near,  298 

,    270,  272 
b,..-..,,  .  ,^  Mine,  327 
ScheeliW,  304 
Schwrer  on  granite  veita,  388 

on    Kanfjord  copiwr  mior,   889  ;   ou 
Kon^bcrR  silvrr  mines,  384 
Schell  on  lodea  of  the  Hnrz.  281 
Scliemnilz,  enij-tivc  Indw  of.  78 
mines   of.    332,    8:i3 
propylitii  of,  84 
Schlnrkenwuld  mining  district,  321.  322 
Schmidt    on  Agordo,  34{> :    lleiawnbi^rK. 
324 ;    Ffundn'r>V>erg,    325  ;    Tyrol, 
327 
OD  Ciultingof  lo<Je!i,  37 
Se^  Pumpt'lly 
Schmoilnilz,  ore  dej)osits  of,  336 
Schmuck  on  lend  lo<le  at  Mi<?4,  319 
Schneeberfi,  metAJIiferoua  veins  of,  S  t 
mining  nt,  307,  308 
ore  di-posits  of,  301 
SoJujeelierg    (Tvrul),    lesd    and    silver   of, 
323 
proJuution  of  blende  and  sine  at,  326, 
327 
Schonfeld  tin  mining  district,  321,  322 
Bchoaltx-AscUrradca    on    ore   deposits   of 

I'itk^tnta,  408 
ScliulonberR,  clay  slates  of,  85 
Si  ImlenlxfrKer  lodo-^roiip,  280—284 
£>vliwarxenberg.  iron  of,  313 

ore  deposits  of,  309 
Schvanenbrunu,  ^Id-washings  aen,  398 
Kch^rai  mining  dictriot,  323,  3S4 


Scotland.  bUckband  of.  23,  m 
ooal-b«aring  strata  of,  tU 
oopjier  of,  S27 

g  227 

ir  .  230  :  pindaedAa  of,  2» 

le>W,  uiver,  Aud  nicKel  of,  231, 1S7- 

230 
miuins  in.  ~^ — 230 
Si-rin*.  193 

St-A,  niiuo  under,  124 
Sea  beaches,  iron  sand  of,  7 
Sea  water,  metaU  in,  84 
Seooudory  tocka,  iron  ore  uf,  22,  !5 
Sedj^wick  on  Detbysliirv  rw-ks,  !>l 
Seervgated  yeins,  3»,  79,  89 
Selb  on  the  BloiRk  Forest,  275 
"Selvage,"  moaning  of,  31 
Selwyn  on  Norn  Scotia.  600,  603  ;  Virtaiii. 

73,  457 
8enlteron  DiUt-ubiirg  dutrict.  270 
Sentein  mines,   246  ;    phxlurtion  of  la>l 

Hud  blende  at,  247 
gejitaria,   23,  24 

8o.(ui'nce  nf  minenls  in  lodet,  51 
Sorivile,  85.  2i34 
Seriphn,  hiemrttit«  of,  365 
.Serpentine  of  Cornwall,  1 13 
S(;rvia,  eruptive  rocks  of,  340 
Severn,  H.  A.,  r^  '  .  ;8 

Severn   Valley,).  -   rtnat^.W 

Seymour,  G.,  on   V.  ,,,.t...^  gi.i1d-firlil«, 

—419 
Shales,  argiUaceoas,  lead  ore  in,  101 
Sharp,  S.,   on  Nortbamptoiuhir* 

''ii'"  's  of  leii/i  ore,  94 

-!i.  ;•.(■,  lead  vein*  of,  174.  175 

>!m  j'.ird  and  iLightdon  gold  inCatnliaa,^ 

>l  riiiiiid,  production  of  cop[>er  in,  22S 

SliM.in  of  ore,  50 

Sluopshire,  clay  ironstone  of.  165 

lead  of,  174 — 177  ;  production  of,  1 
177 
Siberia,  gold  of,  401,  408 

silvrr  ond  leod  of,  402 
Si.  ily.  sulphur  trade  of,  213 
Sio;<rii,  alKithic  iron  ore  of,  272 
Sierra  Aliiiagrcrii,  f^akna  of,  367 

ore  deposits  uf,  36(1 
Sierra  de  OartAgena,  ore  depoaib*  of,  31 
Sierra  Horenn,  iron  ore  of,  378 
Sierra  Nevada,  gohl  of,  520 

gravvb  of,  4,  6 
Silbemoo]  Mines,  pro<luction  at.  289 
Silesia,  calaraiue  ot,  312 — 315 

copper  of,  312  ;  production  of,  3|| 

geology  of,  313 

gold  of.  312 

iron  of.  312  ;  prodaclion  of,  315 

leadof.  312— 315 

mining  in,  312 — 315 

silver  of,  812 

aincof,  313,  315 
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<Ustiict,     526—528 ; 
>,    Oil,    t512;     Yulia 

mines,  lOtJ 
,  iu  Britain,  110 
3,  lOcI  ;  gossiina,  53 
deposits,  69 
133—154,    188—228, 
,  307—332,  341,  344, 
-386,  391—397,  408, 

478,  518,  533—557, 

612,  020—624 
'anies  of  places 


) 

e<\  from,  444 


ot,  128 

an  mines,  898 


72  ;  in  Dean  Forest, 

.  117,  125 

19 

les,  142 


111—144,  175,  207, 
233 

aining,  199 
-nations  of,  131 
•3 


18,  32 
.8 
397 

Iville,  646 
187 

■on  ore,  576 
old  of  Victoria,  73, 
the  Wynaad,  415, 

Id  at  Clogau,  203 
Great  Britain,   158, 

liganshirc,  &c.,  197, 

low,  214 

176,  177 ;  production 

)ld  in,  202 

Africa,  514  ;  Brazil, 

New  Zealand,  508 ; 

87.89 
ainanl 


Somersetshire,  bon,  lead,  and  zinc  o^  154, 

155 
Souiorrostro,  iron  ore  of,  376,  877 
Scphie  Mine,  275 
Sopwith  on  lead-miuiu;;,  181 

on  throw  of  veins,  185 
South  America  ;  tee  America,  South 
South  Australia  ;  me  Australia,  South 
South  Carolina  ;  see  Carolina,  South 
Spuin,  antimony  of,  379 
cobalt  of,  379 

copper  of,  110,  366,  371—374,  379 
gold  of,  366.  367,  379 
iron  of,  366,  876—879 
lead  of,  110,  368—370,  879 
manganese  of,  379 
metalliferous  veins  of,  73 
production  of  metalliferous  mineralt 

in,  867—879 
pyrites  of,  IS,  218 
quicksilver  of,  104,  331,  866,  374,  375, 

379 
silver  of,  367,  379 
tin  of,  375,  376,  879 
line  of,  866,  370,  871,  379 
Sjjar  iu  veinstones,  41 

heavy,  with  lead,  199 
Spathose  iron  ore,  154,  159,  272,  805,  31?, 

324,  833,  338,  840,  855,  682,  597 
Specific  gravity  of  mica  schist,  358 

of  mine  water,  121 
Specular  iron  ore,  89,  808 — 805,  576 
Speise,  294 

Spessart,  black  mica  from  the,  88 
Sph«rosiderite,  23,  300,  313,  405 
Spiegeleiscn,  154,  155,  577 
8[iirifer  sandstone,  286 
Splice,  vein  forming  a,  200,  201 
Sprincs  in  relation  to  mineral  veina,  87 
uermal,  deposits  from,  69 — 73,  121, 
122 
Staffordshire,  blackhand  of,  23,  169 
clay  ironstone  of,  165 
copper  of,  194 
iron  ore  exported  to,  169 
Stahlberg  iron  ore,  272 
"  Stahlerz  "  (rich  mercury  ore),  880 
Stalactitic  forma  of  iron  sinter,  59 
Standard  Lode,  126,  127 
Stanhope  Bom,  spathose  iron  ore  at,  194 
Stapff  on  Brizlegg,  324.  825 ;  Salxborg, 
823  ;  Tyrol,  327 
on    lake  ore*,  copper,    and   zinc    of 
Sweden,  393,  3»4 
Statistics  of  mines  ;  k<  Kineral  Statictic* 
SUveley  cod,  167,  K% 
Steamboat  Springs,  69—78,  i7,  *S 
Steamboat  \  alley.  71.  73 
Steeple  Aston  ironatoue,  IKi 
Steinhaide.  early  grji}d-u>iiiiL-;e  at.  fSrh 
Stewart  on  aqoeoiu  -ityAititai  oi  niixitnJt, 

M» 
Stibnite.   227.  271,   Sr5,  »Ci8,  «£!;-«», 
472.  473.  455.  5"2.  S<'7.  512:  5*7 
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Stifit  oa  Dillenbnrg  strmU,  269 

on  Kassan  iron  ore,  272 
"Stocke,"105 

Stockhanaen,  iron  ore  bed  near,  272 
"  Stockwerks-porphyr,"  100,  311 
Stockworks,  30,  97—102,  108 
Stone  implements  in  Californian  gniTela,  ft 
Stonrarts  Uine,  387 
Stiabo  on  Britiah  copper,  110 

on  cimubar,  374 

on  gold  mining  in  Spain,  366 
Straits  Settlements,  ore  deposita  of,  443 

tin  of,  444  ;  production  of,  444 
Stratified  and  nnstratified  deposits,  3, 17,30 

rocks,  metals  in,  85 
Stream  tin,  137 

Streamworks,  2,  8—13,  98,  137 
Strength  of  reins,  190 
Strike  of  strata,  17,  30 

in  hooia,  explanation  of,  280 
Strong  Tcina,  185 
Stnmtian  lead  min«s,  227,  228 
Straetnre  of  veins,  41 
Styria,  iron  of^  816;  prodaction  of,  329 

ore  deposits  of,  328,  329 
Soecession  of  minerals  in  lodes,  53 — 60 
Sni^gill,  gold  of  the,  224,  226 
SoUiTan  and  O'Reilly  on  zinc  of  Spain, 

870 
Snlphatea  of  copper   and    iron  in  mina 

water,  211 
Sulphide  of  antimony,  141,  567 

of  lead,  189 

of  manganese,  339 

of  nickel.  165 
Sulphur.  <?>.  6?,  410.  ."^SS 

,  iaasKir  in.  >i9.  ^5\> 

in  mineral  veins,  S3 

iron  pvritcs  used  for.  599 

pnviacrion  of.  322,  323.  331,  410 

tra-ir  aaJ  Irish  pvrites,  213 
Su'.phnr  Bsnk.  ^S.  69."  559 
Sslphar  spring  in  Cohisa  County.  87 
Sn'phur  vein.  1S6.  1?7 
Suir'.'urg  dL<trio:.  veins  of,  275 
Somatri.  gold  of,  445 
SnperSoial  drp«>5iti.  3 
Sntherlind  jwM-fields,  *24— 227 
Satro  Tiinael.  532 

SasiseJt.  iron  of.  13  ;  pn>Juction  of,  172 
Sreaniajdiis  Mine,  3S6 
Swtl«<da.e,  fojLsils  in  veins  of,  67 

lt*l  of.  65,  1S5— 191 

s:i::ini:  disnict  of,  IS? 
Sir»II<>w  Wood  iiv^astone  bed,  167 
Swauisf.*  vvpjvr  r.:ine.   Missoari,  571 
Swtsirn.  ivki'.t  of.  397 

ftp;vr  of.  S9S.  394.  S97 

jTfcrogT  of.  392 

iron  iad  iron  pvrites  of.  13,  14,  24, 

>a.i  of.  39-:,  39S.  397 
nijgnrtite  of.  25 
r.iar.cii-ese  of.  ^97 


Sweden,  nickel  of,  897 

ore  deposita  of,  384—397 
prodaction  of  metalliferDDS  minenb 

in,  392—397 
mlver  of,  392,  393,  397 
zinc  of,  393,  397 

Szab6  on  mica  schist  of  Laariam,  358 


Tabekq,  iron  ore  of,  895 ;  prodoetion  of^ 
895 

magnetite  of,  25 
Table  Moontain,  auriferous  gravel  of,  534 
Tacitos,  Koric  iron  of^  329 
Talaigoch  lead  mine,  195,  205 
Tal-y-Bont  Mines,  198 
Tamar  district,  lead  mines  of,  151 
Tamar  Silver-Lead  Mine,  151 ;  prodactioa 

at,  151 
Taroaya,  copper  mines  of,  618 
Tankersley  Mine,  167,  168 
Taranaki  black  sand,  7 
Tarn,  metalliferoos  deposits  of  the,  243 
Tamowitz,  mines  of,  312,  314 
Tasmania,  oofpet  ot,  507 

fpld  of,  605 

uonstone  of,  507 

lead  of,  507 

production  of  metalliferoos  nioenli 
in,  505 — 507 

tin  of,  505 
Tatatila  mining  district,  611 
Taunus,  sericite  schists  of,  85 
Tavemier  on  tin  of  Perak,  &c,  443 
Tavistock  mining  district,  63,  149 
Taylor,  J.,  on  mineral  veins,  189 
Taylor,  R.,  on  copper  of  .Africa,  51S 
Tealby  series,  ironstone  of,  173 
Teesdale,  fossils  in  veins  of,  67 

lead  ore  of,  65,  182,  133 

mining  district  of,  183 
Teifi  Pools,  199 
Tellemarken  ore  district,  333 
Tenasserim,  cobalt  of,  436  • 

cojiper  of,  435 

gold  of,  425 

iron  of,  443 

lead  of,  429 

tin  of,  436 
Tenison- Woods  on  Queensland  tin,  492 
Tennantite,  304 
Tennessee,  copper  of,  573 

iron  of,  531 

production  of  gold,  sLlver,  and  iron 
in,  557,  582 
Texas,  iron  of,  532  ;  prodncrion  of,  582 

rinc  of,  532  ^ 

Thames  gold-fields  (New  Zealand),  511,  513 
Tharsis,  pyrites  of,  371 — 374 
Theophrastus  on  cinnabar  of  Spain,  374 
Theories  respecting  veins,  74—88 
The-ssaly.  chromium  of,  365 
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War,  iis  aflWctiug  mining  **Tn«Ue,*  mniBni|:  <<  IS 

i,  312,  317,  324  Troaiheek  isiaM.  2*S 

Dean  Forest,  153  Tn»  ^cbts,  SO — S* 
;old  from  fossil  wood,  73;  intwHCXMBs  u»i  f«xh*  3.  33 

I  prrites,  459,  460  mok*  of  ennsTiBnr  li.  M 

-eins,"  465  "  Trium«itofk.~  ** 

-.k  Mine,  167  Truro  mining  oiKixt.  tJS 

ite  Mine,  167  Tmubetjb  o^^per  ^n  <(.  3M 

Sails,  167,  196  TnnjP«*a  ia  na  at^wKa.  *r 

,  IS,  185,  190,  191  Toiia  miai^  £saeS.  cv-'JTcr  eS.  T*t 
rocks  of,  537  Wd  oC  344 

>er  of,  296.  29S  ;  prodnotiuD  prodseaoB  of  im  3.  tSS 

TotWt  OB  Aittiw-'Shjc  snr  ncwk.  IW 
S  oa  lalce  ccet  cf  Otd-rmL  !9t 

i  ;  production  of,  300  Tuscmit.  ospfttr  at  ^  i>4.  lAf  ,  jc»dB:'=in% 
of,    293  ;  producdon    of,  of.  3^ 

inangi-ift  c£.  354 

00  TSmdram.  temA  siiw  Kl.  SST 

290  ISme-boruBB  listeAOM.  :<iF— lil> 

pyrites  and  chalcopjrite  of,       IVBebead,  ocvps  «£.!$•( 

TSme  VaZler  mI  lunek  Ifl 

of,  297  TttoI.  zroacf  lie.  S:« 

naxuato  mines,  610  p>li  oC  3^4 

mining  in.  S23 — 3S 
prodneaoB    al    x^K^r.    sim.    1bb£. 
146  sirer.  la^i&a;  aas  zsar  a.  SS 

«st  beds  over,  12        '  TrroJeia  froBtatr.  na:  ter  K.  H^ 

inite,  116  ;  in  slftte,  117 

rial  detritus,  2 ;  in  eruiite, 

r. 

ssociated  with,  97 

1  of,   110,  125—153,  301—       Uloouv)  goU-^ii,  4>$ 

t,  357,  376,  379,  382,  40S,       Ulridi  on  Asf:ru>.  *0.  iTli.  «fS.  S» ; 

7,473,434,494,507  Xew  ZaOiad.  S»,  Sllz  Tiiiiwili 

ii.Ur  Names  of  places  beig,  3Sr 

tiers,  12  on  gold  in  ComsI  voed,  73 

te  impregnated  br,  96  "  Undenie,*'  i>\  31 

8—13  United  Kingdom.  U<Bde  ti,  iX—SX,  SS 

•Id  in,  133  cobslt  of.  230 

36  eoi^vr  of.  125— 15S.  IK.  SI.  SX. 

ty  slste,  101  ;  in  relation  to  S17,  S2S 

^d  oC  304.  SIS,  227 

of  flint  at,  24  iron  and  iron  pvrihs  «(  IX.  2S.  SIL 

odtstone,  64,  192  135.  133.  145.  15S,  1«4,  Ifll.  lit. 

ing  district,  536  197,  SIS.  233.  SStii 

d  with  tin  ore,  97  ifd  at,  133— 2SS 

im,  537—540  nu^aetite  oC  26 

in  deposits,  97  manganeae  oC  230 

oing  oistiict  of,  125  mines  of.  49,  109 

Eelds,  514  nickel  oC  227.  230 

nenie  in  lodes  of,  81  prodncticm  of  metalHierow  ■wnii 

iTOT  oC  316  in.  125—230 

loC83S~340  sarer  of.  133— 223 

awl  TCfai  ct,W  tin  oC  125— 13S.  145—147. 15*  ISt 

idMo^s^SSS  volfiam  oC  13S.  145.  SM 

kW^US  line  of.  135.  230 

'  jH  United  States,  antioiciij  oC  561^  5C.  583 

^IH  dmnniinn  ot,  593 

i  eohalt  oC  583 

copper  oC  5«»-57«.  583 
BoU  oC  10«.  519-557.  SiS 
iroD  ore  of;  13.  22.  5«3.  S7«— 583 
Ic^  of;  541,  543,  54^  5«1— 5«S,  583 
aiaagaiieae  of,  583 


.  .&r. 


INDEX. 

of.  r«3  Vrtt  Mkdnr,  610 

.tZi.'.'.:{r: . -^  i.;Lr.-al*       Vialas  muu-8,  241 — 243 


Viteiiza  miuijig  district,  349 

._  t.----.:  .■'.  ;5J — f-rl,  tii  Victoria,  autiiuouy  of,  473,  474 

i_"-:    :'-  ■-  >"-  51.- — '53,  557.  5i3  auriiVruus  graveia  of,  7,  453 

-:_•.  .:'.  ■' '.  ;•;■•:  tf>l'l«rof,  473 

;l-«  .;.  :-•-:—!':'.  "7.  ;-«-3  goM  of,  73.  448—474 

•--..  •-.  L.  >z— ij  ;_-;:c-i.  i-i''}  Irad  of,  472 

Tt-^:  Lj.-     1-.  fTmzi.^'ii  i--i*  vfi  !•>&  production  or  meUllifeniu  minuti'i 

-■'-;.->.    -.-— -^  !:.  :n  :^  in,  457,  471— 474 

".-il  iJ.  -.iT-ii;.-.  ;^  .>J7  ■:'  II-? — Ivv  silver  of,  472 

c  ..    -  .  ".  ..-.:■: i.  ».  ■.  .•■; — 4  .'5  »ul|<httr  iu  antinion}-  reefc  of,  8S 

1  :^-_     ■ '  •_  L-;  tin  of,  473 

r-:.  _ij  .:  zz.--.:  :  •.-■-  -'.■>  ir.  i  Vieille  Montague  Con)|ianf,  257,  26> 

:.-.  - -.- :;  — .  r  Vi^d Mine,  202—204 

V.-t:^---     :■-    l*r,    i.;;   j:.«i;.;:.L   •:/.  Viiiefort  Idil  miurs,  241 

::■'.    -  .    .-j-— -::'.  Ville  on  niiuiug  in  Algfrria,  51G 

1": .-.ui.  •--    •'.  i<7  Virginia,  ooi-jurr  of,  573 

.     ..  :.  ;: -ii.  .i.  1  ■;'  7'*  go'-l  and  silver  of,  557 

."  ...  . :  -.—i-s  :.■_  ;   :.'..'  ijou  •.•f,  5*2  :  {irjtluctiou  of,  5si 

-:■.-.::-    ;  *  .i  i:. .  >_-.:  :::.  557  :  »ulj-hur  iu  guid  uiiues  of,  sS 

:     _:.  2--:  Writ,  ir.'norrof,  5S2 

V-  .  _-  ::.  .;■.  ;;.  i.-;.  :.-;  Vinao::*  Lily  Miue,  145,  212 

Vitriol  o.-hrt,  26S» 
orf,  316 

V.  V:;ruvia9  oa  ciunaliir  of  Sjiain,  374 
V.  .roS!«it.-ik,  mining  at,  34u 

V  . LZ  : :  y :  i:i  fii'.'.,  1.-5  Vor^-.-s.  c..'n:aot  de|io»its  in  the,  104 
Vi_.i.  :i.   _■:.  "si-..-:r  :^-.ll-  ;  «:.  -:-»4  iron  of.  23S 

Vi.  z:^-.  ;-„    :.  J^-.  u  rtalliferoiu  dvposita  of,  2;$5— 233 

V».  '.";.- a  .:  li  -.::.. t  ;'ti  '•  Vugl.s,"  41 
Vi-_.   -.'■-.:  !>.!-:..  :.'.ki  .•.  ■■."* 

V  L-  ■•   •  -    .  : 


W. 


.:'.  «»L  '»Va:-, 


V-: 


W.,^^-:.  Srr::._-  Cj'.  .'■5i«,  5';i> 
^\^i.^s.  .'.yv  ;i  :.»:oiirs  <-t,  105 

_;  ■'  .  ..■!".   :2"C  —  -1 1 4 

!-;.-.  •  ••  iL;  :■{.  •;-'>!i!j  .».rrd  w ith  Cuniii.'., 

::.:r.:ri  ■:.,  :i".  liv  -211 
■  .'.  -i^i-ir::-.?,  IM  -iVi 
N'..::'...  ;  !c-:a.ii<'U  if  ^''ilJiu,  2"4 

••■.'.V-:  :'.;,  •_'.'4 
Sju::-.  •.-.n".  •...■.L«urf>  •.•{.  U'."i 

err.-:  :.«.■:,  24 

;:■■  :i  ■■ri-  i-:.  li'T 

i.-'-.i  'Tc  viiH  rt.-l  t  •.  !•;;> 

r-  I  I->i:i.i;;:".  ■.{.  li'5 
V.V.l.u.  .  u  X.^:  .:i  M.H  r.  l>j.  1  ■irl.  i  ,lj,  irf 
■■■:.  v;^:J^l^::i■lli  ■  l"  i>A  i    re,  7t» 

V.'.,".'.ir...    •.j.;.ri!ii:-.i». -li'S.  Of  J 
W.i;i-.  riv.  .i:._-.  ir'O  on-  of,  4*0 

Wii;-,  Lvi-;  2:: 

W.;;,r  ouA.:  rl:.  Mi:ic.  S*^ 
\V..:i:.vk  H-mI  L.-vJ  luiti.;^.  227.  22'? 
Wa.-i.iiijt.ia  T.rrirory,  jiiuiluotii-n  of  ^o'.-l 

:i:.a  s:ivrr  in,  557 
W.ivr  in  nrl.ition  to  mineral  ■!t'{vvjts,  3,  22, 
.'•J.  -JS.  73.  7&— 52.  >9.  Ii.i7.  lOS.  1$9 
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:i'j)l>«:r  from,  217 
.ea  under,  124 
rd  copper  mines,  223 
Bishop,  on  early  use  of  blasting, 

y  Wiae,  464 

;ins,  185 

son  of,  13,  23  ;  production  of,  172 

e,  fossils  ill  veins  of,  67 

I  of,  155,  159 

1  of,  182 

ing  district  of,  188 

e  Iron  Company,  160 

on  gold  of  Ireland,  219 

ocks  of  Ti^roney,  &c.,  215 

bach  on  sequence  of  vein  mateiial, 

es  Gebiige,"  262,  264 

liegendes,"  23,  290—296 

-itdt  zinc  ore,  258 

^h  white  rock,  264 

.  Potosi,"  198 

loted,  38 1 

a  mining  district,  128,  129 

and  Werfenbeds,  330 
i.  shales,  199 

'dale,  fossils  in  veins  of,  67 
I  veins  of,  190—192 
Mine,  274 
nd  iron  ore,  395 

on  aqueous  deposition  of  minerals, 
9 

[netalliferous  veins,  74,  76 
Brothers,  mining  by,  4S2,  483 
liverton  Mine,  133 
1  Australia  ;  ue  Australia,  Western 
nland  iron  ore,  397 
dei)Osits  of,  392 

reland,  lead  and  silver  of,  180,189 
ilia,  blackband  of,  23 
I  of,  272 
deposits  of,  261 
duction  of  lead  in,  267 
irginia  ;  see  Virginia,  West 
,  bsematite  of,  271 
1,  copper  and  lead  of,  217 
lale,  fossils  in  veins  of,  67 
I  of,  190 
stone,"  62 
dl,  182.  186—191 
led  Mine,  165 

iven,  coal  measures  of,  168 
htematite  of,  160—163 
!  Rocks,"  195 
f  on  auriferous  gravels,  4 
gash  veins,  94 

Lake  Superior  copper  region,  568 
United  States  ore  deposits,  4,  69, 
20,  553,  561—563,  673—575 

See  also  Foster 
quartz  vein,  463,  473 
r,  copper  of,  217 
lof,  218,  219 
i  of,  217 


Wicklow,  mines  of,  213—219 

production  of  copper  and  iron  in,  217, 
223 
Wildberg  lead  mines,  262 
Wildemann,  ore  deposits  of,  279 
Wilkinson  on  gold,  469,  474  ;  experiments 

on  gold  by,  460 
Williams  on  antimony  in  Arkansas,  667 

on    production    of    metals,    Jtc,    iu 
United  Statts,  683 
Willkomm  on  Almaden  deposits,  375 
Wiltshire,  brown  bsemntite  of,  169 

production  of  iron  ore  in,  174 
Wimnier  on  the  Bammelsberg.  286 
Windakiewicz  on  Kremuitz,  334 
Wintle  on  tin  of  Tasmania,  505 
Wisconsin,  copper  of,  575 

iron  of,  582  ;  production  of,  582 

lead  region  of,  561 
Wissenbach  slate,  286 
Wolfach  mining  district,  274 
W^olfram,  135,  145,  286,  310,  311 

production  of,  135, 145,  230,  316,  322, 
331 
Wombat  Hill  claim,  457,  458 
Wood,  fossil,  gold  in,  73 

silicified,  5 
Wrexham,  lead  mining  near,  206 
Wye  Valley,  metalliferous  veins  of,  199 
Wynaad  gold-fields,  413 

sulphur  crystals  from,  88 
Wyoming,  gold  and  silver  of,  662,  567 

y. 

YoBEDALE  rocks,  160 — 162 
Yorkshire,  ironstone  of,  165 — 169,  17S 

lead  of,  182,  190—192 

production  of  ironstone  in,  169 ;    of 
lead  and  silver,  192 

silver  of,  192 
Yoiyig  on  gold  in  India,  414 
Yum  River  placers,  520 — 523 


Zacatecas,  silver  lodes  ol,  610 

Zechstein,  27,  28,  291—294 

Zell,  gold  mines  of,  324 

Zellerfcld,  lodes  of.  279—284 

Zeppenfeld  ;  tee  Riv<>t 

Zimmerman  on  mineral  veins,  37,  75 

Zinc  ore,  production  nf,   135,  230.  251 — 

269,  289,  301  —  331,  341—366,379.391. 

393,  397,  406—410,  502.  518,  5«5.  5S3 
See  under  Names  of  place* 
Zinken  on  the  Harz.  2S6,  297 
Zinnwald,  stockworks  in,  99 — 101 

tin  of,  310,  311  ;  prodnetioa  oi;  Sll 
Zirkel  on  Comstock  rocks,  530 
Zomelahnacan  mining  di^zict,  Sll 
Zorge,  iron  of,  297 

Zweibriicken.  qnickabar  aiHafll^  ITS 
"  Zwitter,"  100,  311 


iDmoii: 
R-  Cut,  Son,  4»o  TiTioi. 
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Worki  hj  ABCBIBALD  OEIKIE,  F.B.S.,  DlivetorOeiwnil  of  thn  rio»li<Kln«l  fliirvrya  vrUM  Untinl 
Kingdom.    Vjth  numeroiu  lUustraUuuf .    Mi<1liini  >vii.     KM. 

A  Text-Book  of  Qeology. 

"Tlif  Text-B('uk,  in  <»it  nlimstiou,  contain*  a  inon  roiu)ilrt«>  «(>p»tiii1  of  Uko  •claiiv*  i>f 
Oculo^y,  In  iU  lAtpftt  (l«vifl(i{iiiieuU,  than  is  to  be  fniuid  in  At\y  hIik  '  V  .  'i  <]■  wurh.  .  hi  a 
rltAt,  <itmiglitforwArd,  and  uietlMMlu-al  Uiumrr  hr  tirinica  ifiit  tl)<<  |  •  Mt  toknop,  t4rti'n 

tbciii  tlir<»i),-li  tU  their  TauMciitwat,  iin<l  iiianhali  kit  tilk  fuel*  i'  m*     Till*  U  la  III 

abuulil  be.  ,  .  .  Leading  f««tur«a  t>f  the  work  are  c4«anica>,  Muik>>a,  nim  wiMiMllrMM**, "— 
3^  Timtt. 

"  If  w«  wUh  to  snm  np  the  principal  nictit«  of  tha  work  iD  k  iliul*  phnu«.  w»  ahnuld  aajr  It 
|Niai«c«r«  nv«  jioluta  of  Xhe  ttnt  iiuiiorUnre  for  a  aulvnllDf  banU-bouk.     ll  In  i'  •<  ■.  ||  |a 

Waupnhcniilvi! ;  it  la  lucid  ;  It  is  adiuirnlily  armnKcd  :  and  it  ia  Krittciii  with  <<'  iimi-jr 

ilLUf.     We  ahuuld  be  paylD};  a  |Htiir  CKiiipliiiieut  to  Profrpmor  Ot-lkin  irwowi'n  r   i|    |h 

■eeunte  tu  the  nuiiiitiitl  dflAJI ;  Ivai  titan  tlialone  cmild  Iniidly  rtiwiit  fruiu  »u\ 
•Qch  n  pvaitioD.  It  will  mnk  at  onoe  aa  tbe  itiuidAnl  work  of  rrli'mtiou  on  ii' 
and  we  aliall  b«  iiiiiL'h  siirpriai;*!  IT  It  is  »up«nsd«d  by  any  nlhvr  withlu  lliK  lld'ii  .  i 

genetotiou. "— Pull  Mall  Uaieite. 

"Uy  thla  coiupri'heiuiiva  nrranis'ctneiit  every  braooh  of  icnuloKy  la  broiiiilili  uuilvr  the  allrhlloii  of 
the  reader,  aod  U  dlw^uiuied  Willi  siiffldent  fiiliiflaa  for  all  nnlinary  puri>i>iH>a.  In  farl,  llin  atiidoiit 
who  can  inaater  ao  elaborate  n  trcatiae  may  Imtk  with  Galiilii<<><a  iiiitl  ^'otiridniK'n  In  tho  liirti  of  Oin 
uiuat  severe  examiner.  Further,  the  Luuk  contaiiia  nuiiienoia  refuruiiiwa  to  •■rliitiial  iiiiiiri'oa,  Ihiia 
ROdering  it  a  valuable  book  of  ruferenco  on  all  matlera  yauluuluol.  ...  It  wlU  cviUiitly  atep  at 
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fbaturra  nf  a  landacape  no  other  geolo„iat  in  thla  country  can  iiau  l^i  p^ii  wlf  Ii  r.jtinl  rhvi-t  A  limut 
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